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@ Lens forming system. 



© An apparatus and method for making spectacle lenses, and tenses which can be produced thereby with 
particular front and back coatings. The apparatus provides a clean, efficient and relatively automated means by 
which the lenses can be cast from a polymer and provided with suitable front and/or back abrasion resistant 
coatings, if desired. 
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Lens forming System 



Held of the Invention: 

This invention relates to an apparatus for casting a finished spectacle lens of a specified ophthalmic 
6 tens prescription, and particularly, relates to such an apparatus which is compact being able to fit into a 
relatively small space such as a room in a doctor's office. 



Background Discussion: 

10 

The majority of spectacle lenses are made from a polymeric resin material which on heat curing goes 
from a liquid to a sold state. The tens is formed by selecting two mold elements and assembfing them in a 
gasket which holds them In the desired spaced-apart relationship. The ophthalmic surfaces of the molds are 
generally parallel to each other and the center of the mold surfaces through which the optical axis of the 

?6 molds passes are aligned with each other so that the optical axes coincide. The liquid polymeric resin 
material is placed between the two ophthalmic surfaces of the molds and allowed to harden, whereupon the 
molds and gaskets are disassembled. 

One problem with this procedure is that It Is very difficult to cast a finished spectacle tens of a specified 
ophthalmic lens prescription. The conventional practice Is to make semi-finished lenses on a large scale 

20 using mass production manufacturing methods. The optometrist who is prescribing the spectacle tenses for 
a patient then orders the desired tens prescriptions from a central laboratory which has a large inventory of 
semi-finished tenses. The central laboratory grinds the tens to the prescription ordered by the optometrist 

Recently, large chains of ophthalmic stores have set up centers where patients can have their 
prescriptions filled within a few hours or at the most overnight These large chains are having an adverse 

as Impact on small optometrists who generally prescribe from about ten to twenty pairs of glasses a day. 
These small optometrists must order the tenses from a central laboratory whteh may take several weeks to 
supply the tenses. The smaller optometrists would fike to have the capability of making lenses within a few 
hours or at the longest overnight but they do not have the equipment or the space available to manufacture 
lenses at their place of business. The present invention is designed to satisfy this need of small 

so optometrists who would ike to have the capability of maruifacturing lenses at their business locations rather 
than ordering from a central laboratory. 

SUMMARY OF TOE INVENTION 

35 

The present invention is an apparatus lor casting finished spectacle tenses of a specified ophthalmic 
tens prescription, ft is capable of fitiirg into a relatively sniaH sp 

of from about 10 to 14 feet in width to about 10 to 14 feet in depth and a standard 0 foot ceiSng. This 
40 apparatus provides a cast tens which does not need to be groun* provided the 

the range of molds provided with the apparatus. Up to about twenty-four pairs of glasses, or forty-eight 
tenses, can be made by this apparatus within a 24 hour period or even shorter. Not onfy single vision, but 
bifocals may be made using this apparatus, and the tenses may be clear or tinted, and their surfaces will be 
scratch resistant This apparatus, in effect is a miniature factory and provides a computerized, integrated 
45 manufecturing system for the optometrist office. Inventory of raw materials, work in process, process 
control, inventory control, remote order entry, project management scrap materials, etc. may all be 
accounted for in the course of making tenses so that the minimum amount of operator skill is required. This 
enables the optometrist to employ a relatively low level skilled technician to make the tenses with minimum 
supervision. 

so There are several features of this invention which contribute to the above-noted advantages, no single 
one of whteh is solely responsible for these desirable attributes. Without Smiting the scope of this invention, 
as expressed by the claims, its more prominent features will now be briefly discussed. After considering 
this discussion, and particularly after reading the section of this application entitled DETAILED DESCRIP- 
TION OF THE PREFERRED EMBODIMENT, one will understand how the features of this invention provide 
a compact easy to operate tens casting apparatus. " 
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One feature of the present invention is the use of a selected gasket with selected moulds that enable 
the molds to be inserted into the gasket by a mold alignment and assembly fixture which will properly align 
the molds within the gaskets. In order to cast a finished spectacle tens the front and back molds must be 
spaced apart a predetermined distance as called for by each individual prescription. Moreover, the front and 

s back molds must be aligned with each other and properly oriented with respect to each other in reference 
to an index. Instead of relying on the operator to properly align the molds within the gasket this is done by 
means which insert an identified pair of mold elements into a selected gasket to form an assembly of the 
gasket and mold elements. 

The second feature of this invention is that several different types of gaskets are used depending on the 

io prescription to be filled. Approximately eighteen different size gaskets are used and these different gaskets 
will provide eighteen different spaces between the front and back mold elements. All gaskets of the same 
size are stacked together in "Dixie cup" like fashion for easy access by the operator. Each stack of gaskets 
of the same size will have a signal means associated with it that is turned on by the apparatus to indicate to 
the operator that a gasket from this group should be used with the prescription being filled. This minimizes 

rs operator error In selecting the gaskets. The computer also performs a check to verify correct gasket 
selection. 

The third feature of this invention Is the use of a storage unit for the mold elements which carries 
several hundred molds. The prescription will be Inputted into the apparatus, either remotely or by the 
operator. The computer then identifies which mold elements In the storage unit should be used to fill the 

20 prescription being processed. Preferably the mold storage unit will have means for advancing individual 
moid elements to a delivery station. The delivery station has a plurality of mold docks aligned in a row with 
each dock having a signal element that is activated to indicate to the operator that the desired mold is at 
the dock and that this mold is the proper one to be used to fill the prescription being processed. Each 
individual moid is preferably stored in an individual package which protects the moid from damage as the 

25 mold is moved within the mold storage unit as efferent molds are forwarded to the delivery station. 

The fourth feature of this invention is the use of a coater which appfies a release agent to the moid 
elements prior to assembling the mold elements m the gasket This coater has a carriage which moves 
between a forward home position where the coating material is applied to the ophthalmic surface of the 
mold and heated to dry this material and a rear position where the coated ijphthalmic surfaces of the molds 

so are subjected to ultraviolet radiation. The carriage has mounted thereon a plurality of vacuum chucks which 
hotd the molds and spin when the coating is applied to the ophthalmic surface of the mold. This spinning is 
desired to uniformly coat the ophthalmic surface. A removable tray Is employed that is carried by the 
carriage and through which the chucks extend. This tray will catch any coating that files off the surface of 
the mold white it is spinning. 

35 The fifth feature of this invention is the use of machine readable markings, on the gaskets and/or molds, 
to identify the gasket and mold elements being employed in processing any given prescription. These 
machine readable markings may simply be a bar code which is read by a conventional wand type reader 
that wilt take the information gathered when the operator scans the bar codes and forwards it to the 
computer controlling the operation of the apparatus. This bar code on the gasket is used to identify the 

40 particular Job or prescription being Cited. The computer keeps track of the lens being made by reference to 
the machine readable marking on the gasket andtor mold. 

Trie stem feature of tfiis invent 
molds in the gaskets and a«gnment and orientation of the molds with respect to each other. The gasket is 
of the type generaHy descrfoed in U. S. Patent Na 4.893,446 assigned to the assignee of this appfcatron, 

45 but has been modified so that the moid elements are held firmly In position within the gasket as opposed to 
using clamps to hold the gaskets. These gaskets are generally annular members which have an annular 
shoulder on the inside of the gasket on which the two moid elements rest Adjacent this should are two 
annular recesses, one on each side of the shoulder, with a ramp section tearing up to each recess. This 
ramp section is deformable. A mold element is inserted through each open end of the gasket depressing 

so the ramp section and snapping into the recess when it Is adjacent the shoulder. The ramp springs back into 
its normal position to hold the mold element in position. Thus, the mold elements are spaced apart and held 
at the desired distance away from each other during filling where the fiqukJ polymeric material Is Injected 
through a port on the side of the gasket Trier© are two ports employed, and they are each rJsposed within 
protrusions extending outwardly from the side of the gasket These two protrusions are 180 degrees offset 

55 with respect to each other and they are used to orient the gasket in a start position so that each gasket is 
seated in exactly the same start position within the apparatus. The mold elements have a generally dish-like 
configuration with the ophthalmic surface having a curvature meeting the requirements of a tens prescription 
and a generally flat perimeter surrounding the ophthalmic surface. These molds are characterized by having 
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60 



66 



a pair of Index members disposed on the rim. each index member lying on the same Bne but 180 degrees 

0W ^sSertn B feature of mis invention Is the processing center which includes the mold alignment and 
assembly fixture, the resin storage and dispensing unit, and the curing ovens. The ™ld8^rm>ert and 
assembly fixture is adapted to automatically assemble the selected molds withlnthe «te^dgas^ for 
filling a particular prescription, orient the molds relative to one another, and then forward the assembly ot 
gasket and mold elements to the resin storage and dispensing unit The resin storage and dispensing unit 
includes a refrigerator which stores a supply of different colored resins which include a catalyst Theresm s 
preferably the standard polymeric material allyl digiycol carbonate, commonly designated as CR39.Thls 
resin Is partially procured and includes the catalyst Consequently, it must be mair^r^ a tempera^re 
below 16 degrees fahrenheft. Within the refrigerator is a portion of the dispensing unit with the dispensing 
head being located outside the refrigerator. 

The eighth feature of this invention is the use of a cannister to hold the resin which has a unique entry 
code thereon which Is machine readable and an empty Indicator. The computer examines the entry code 
and win place a hold on the operation of Ihe appmatus if a can^ 

This is an important feature to prevent resin being used which does not have the proper ^^«tl A 
holder Is used to hold six carmtsters and has tubes loading from the caimisters and passing through to a 
dispenser head, and connected separately to six nozzles. Depending on the prescription. P^re is 
applied to one of the cannisters to force resin from this cannister through the tube to m imatota the 
dispensing head. The dispensing head is rotatably mounted to move a 80te ^^^ B f* "^ f 1 ^ 
alignment with the fill port in the gasket whereupon the assembly of te ?J™°**° 

nozzle Into the fill port Tilting is desirable to avoid air bubbles being trapped in the resin. AJSdegree Wis 
adequate. Simultaneously, while resin Is being Injected through the fill port into the space between the mold 
elements, a vacuum is applied to the other port of the gasket ™s vacuum Is usedto serpen the 
space bejweenjhe molds is filted-wiuvresin. When the proper amount of resin has ^ n *™ 
mTspace between the mokte. a signal Is generated to discontinue the dispensing of resht The gasket 

assembly is then moved to an accumulator station end then placed in an .. . 

Ernbodiments of the invention are further described betow. These w^^"****** °' 
ophthalmic lenses without grinding. After curing, these lenses are 1ri mmed to «^e^ry^deslred 
feme The apparatus illustrated in the preferred embodiment requires minimal operator interaction and 

r8tri The present invention further provides a gasket which can retain two ']^J te ^J f ^J^ 
seated poXs. without the need for external spring 

; during curing. Such gasket also provides suitabte means whereby resin on be ^^j"* 5 *^^ 
cWbehveen mokte seated therein, in a manner which readily tends to* to * 
P^Sed tor use in a gasket such as the foregoing P !tf ^ ^ '^2^^ 
Sender In such case, this mold is designed such that the useful optical f""^™* /JSSlSS 
Seduced using it is not unduly reduced by the p^ser««of such t ^^^^ st U ^^ 

, surfac^against which shrinking msin can readily grip to 

present Invention also prevkles a tam assembly appareto wt^ avote t 

Sembiy ritheo^arrfmoids.andwhichcan automatical ^««^^ "2£ 
refettaTof the frolrtand back mokte and fill the assembled form with resin, all with minimal operator 

s ""^Tr^^ 

suDStanttedfydrcular radW ooss-sectkxi akx^ Ns axis, and two inside annutajriots, •P eo f*J^* " 

aZSnompressible inwardly expanding lip. By the lip being "expressible- te "^**ttt te 
sufficiently comp^sibte at the temperalure at which the resto te ^ ^ 

move toward one another under the urging force applied by the Qasket body^a suffk^d^ance to 
compensate for the resin shrinkage. Inlet and outlet conduits communicate ^'^^f^^^J^T 
oTSTb^y, and respective ink* and outlet openings in the ^^^f^^ 1 ^^^ 
foregoing construction, the molds can be retained In position In their corresponding S J°^|®^' 8 ^'V^^^^ 
threugf Tone conduH and Into the resulting cavity. wtoTe air fe allowed to 

assisted by a vacuum appBed thereto). To facilitate automated filling of the ^^^^^ *° 
InleTand^uttet cxxKiulTc^nmunicate with inlet and outlet ports of the outside <^ body, which are 
disposed in respective. axiaBy facing ends of two radially opposed, axially extending «™"erR. 
^Sds wWcTaTpreferably used In the above gasket ere generally circular In shape^ wtth an annutar 
flange. One mold in particular, is configured to have a high cylinder molding surface (that Is. the surface 
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which will define a surface of a spectacle lens), while maintaining a high useful molding surface area, and 
discouraging resin from adhering thereto as a result of resin shrinkage during curing. 

The form assembly apparatus has first and second mold retainers, which can releasably retain 
respective molds, as well as a gasket holder which can releasabiy retain a gasket therein. One of the first 

5 mold retainer and gasket holder (preferably the latter) is reciprocabte with respect to the other when the two 
are axially aligned, such that the first mold retainer can Insert the first mold retained thereon into its seated 
position in the gasket to produce a subassembly. One of the second mold retainer and a subassembly so 
produced is also reciprocabte with respect to the other when they are axiaJfy aligned, such that a second 
mold retained on the second mold retainer, can be Inserted into its seated position in the gasket to produce 

io the assembled form. A carriage is connected in order to align the first mold retainer with the second gasket 
moWer, and align the subassembly so produced with a second molder retainer. 

Preferably the apparatus additionally comprises an indexer which can establish an initial relative 
rotational angle of the molds, and rotate one with respect to the other to adjust such angle, prior to 
complete assembly of the form. Further preferably, the apparatus includes a form filling station at which the 

75 assembled form can be filled with resin In a manner which assists in removal of air from the form cavity. 

A method of filling an assembled form, such as the type described above. Is also provided which 
includes simultaneously injecting the resin at the resin injecting port, and applying a vacuum at the vacuum 
injection port to facilitate air removal from the form. 

The present invention additionally provides a spin coater suitable for spin coating a spectacle lens in a 

20 relatively convenient efficient manner with relatively little operator intervention. The spin coater uses a 
drawer mounted within a housing, and sfidable between distinct front and rear chambers thereof. The 
drawer carries at least one, and preferably a plurality, of spin coater chucks of the present invention 
rotatably mounted thereon. This arrangement allows molds to be seated on the chucks when the drawer is 
in the front position, and spin coated, and allows them to be exposed to actinic ight when the drawer is in 

25 the rear position. bi_onter4a control the. exposure-time of molds to the actinic Ight while avoiding on/off 
cycling the actinic fight source each time the drawer is moved between the front and rear position, a shutter 
is disposed between the actinic tight fixture and the rear position of the drawer. The shutter is preferably 
operated by sfidabte rnovement of the drawer. 

The spin coater chuck of the present invention is arranged to center the moid within a seat on the 

30 chuck defined by a ledge and adjacent tip, thus obviating the need for inaccurate centering by eye. Of 
course, although the mold is disposed centrally on the seat this does not necessarily mean that the mold is 
centered about an axis of rotation of a chuck, although this will typically be the case, as in some cases it 
may be desirable to spin coat the mold by spinning ft in an off-centered position about an axis of rotation of 
the chuck. To retail the mold in the seated position on the chuck, a lengthwise resilient vacuum conduit 

55 preferably in the form of a bellows, is provided. This conduit has an open end which can sealngfy engage 
against a seated spectacle lens molds and urge it toward the ledge so a to inhibit unseating of the moid 
during spinning the chuck. This resiEent conduit is preferably in the form of a bellows. 

The present invention also provides a method for preparing a spectacle lens having a first surface, 
typically the front surface, with a coating which is relatively highly abrasion resistant and a second surface 

40 which also has a abrasion resistant coating but with a degree of abrasion resistance substantially seB than 
that of the first surface, such that the second surface remains -tintable" white the first surface is not By the 
word "tintable* used throughout this appficatk»n In reference to a tor© coating 

be tinted by exposure to an aqueous solution containing 5% (by weight) in total of one or more azo 
anthrao^mone water soluble pigments such that the solution wHI produce a red, green, blue or grey tint in 

45 combination with 02% (by weight) of a surfactant for ten minutes at 200 F. such that there is at least a 
decrease of 5% in total visible tight transmission through the coated tens. 

The coated lens is produced by the method of the present invention in such a manner that both front 
and back coatings have a high degree of adhesion to the lens. This preferably is accomplished by using 
coating compositions with different "solids" content 0-©- the concentration of the porymerizeable compound 

50 in the composition is different) for the front and back melds, and only partially polymerizing the coatings. 
The coatings are polymerized sufficiently such that they do not dissolve in tens resin while the resin is 
being cured, but not overly polymerized, such that the coatings can be partially absorbed on the resin and 
cross-linked therewith, during resin curing. Over polymerization would result in poor adhesion of the final 
coating (that is, after post-curing step) to the cured lens resin. By "poor adhesion* is meant the resulting 

55 coating would have an adhesion of less than or equal to Class IB as determined by American Society of 
Testing Materials ("ATSM") adhesion tape test D 3359-83. Method B. Resin is then introduced to the form 
and cured, followed by separation of the resulting tens from the form, additional polymerization of the 
coatings, and by tinting if desired. 
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A spectacle tens produced by such a method is also disclosed. The coatings of such a tens will be 
•partially absorbed" on the cured tens resin and cross-linked therewith, unlike coatings which may be 
applied after the tens resin has cured and would typically only be absorbed on the surface of such cured 
lens resin. 



BRIEF DESCRIPTION OF THE DRAWINGS 



10 The drawings, wherein like numerals indicate like parts, depicts this invention, in which: 

FIG. 1 is a perspective view of the tens casting apparatus of this invention. 

FIG. 2 is a plan view, with sections broken away, of the mold package with a mold contained therein. 

FIG. 3 Is a cross-sectional view taken along line 3-3 of Fig. 2. 

FIG. 4 is a perspective view of the mold coater. 
75 RG. 5 Is a perspective view of a disposable tray used with the hold coater. 

FIG. 6 is a perspective view showing a mold being placed on the vacuum chuck of the mold coater. 

RG. 7 is a cross-sectional view taken along line 7-7 of Rg. 0. 

RG. 8 is a side eievational view of the tray shown in Rg. 5, with sections broken away. 

RG. 9 Is a cross-sectional view showing the tray placed in the mold coater. 
so RG. 10 is a cross-sectional view of an unloaded gasket used to hold molds. 

RG. 11 is a cross-sectional view showing the gasket of Rg. 10 loaded with both the front and back 

molds. 

RG. 12 is a perspective view of the mold assembly and alignment fixture. 
RG. 13 is a perspective view of the resin dispenser head. 
25 RG. 14 Is a perspective view of the resin storage and dispensing unit 

RG. 15 is a side etevational view, partially In section, showing a canister used to hold resin. 

RG. 16 Is a perspective view of the canisters in position and the resin storage and dispensing unit 

FIG- 17 Is a process flow diagram. 

Rgure 2A is a perspective, exploded view showing a gasket of the present invention with two mating 
90 molds ready for Insertion and subsequent seating therein: 
Rgtire 3A Is a cross^sectton throtigh 

Figure 4A Is a view similar to Rgure 3A, except with the molds seated therein: 
Rgure 4AA is for enlarged cross-section of a portion of the gasket of Figures 3A and 4A; 
Figure 5A is a plan view of a back mold of the present Invention; 
as Rgure 6A is a cross-section along the fine 6-6 of Rgure 5A; 

Rgure 7A is a cross-section along the fine 7-7 of Figure 6A; 

Figures 7AA, 7AB and 7AC are views similar to Figures SA. 6A and 7A. respectively, except of a 
lenticular back mold of the present invention; 

Rgure 8A is a perspective view of a spectacle tens form assembly apparatus of the present 

40 invention; 

Figures OA and 10A are cross-sections along the fine 9-9 of Figure 8A, showing the components in 
different operative position; 

Figures 11A-12A are cross-sections along the tine 11-11 of Rgure 8A showing components of the 
apparatus in different operative positions; 
45 Rgure 13A is another cross-section showing components of the apparatus in different operative 

positions: 

Figure 14A is an elevation view of a portion of the apparatus of Figure 8A; 
Rgure 15A is a cross-section of a portion of Rgure 14A. 
Rgure 16A Is a plan view of a portion of the apparatus of Rgure 8A; 
50 Rgure 17A is a cross-section of the view of Rgure 16A; and 

Rgure 18A Is a view similar to Rgure 17A showing components of the apparatus in different 
operative positions. 

RG. 1B is a perspective view of a spectacle tens assembly workstation which utilizes components of 
the present invention as integral parts thereof; 
65 Ra 2B is a perspective, partially cut away view of a spin coater of the present invention viewed 

toward a front thereof, wfth a drawer of the spin coater being in a front position; 

RG.3B is a view similar to RG. 2B, but viewed toward a rear of the spin coater, and showing the 
drawing in a rear position; 
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FIG. 4B is a cross-section of the spin coaler showing the drawer in the front position; 
FIG. 5B is a view simitar to FIG. 4B, but showing the drawer in the rear position; 
FIG. 6B is a cross-section of a portion of the drawer of the spin coater, showing two spin coater 
chucks of the present invention, both with and without a spectacle tens mold seated thereon; 
FIG. 7B is a cross-section along the lines 7-7 of FIG. 6B; 

FIG. 8B is a perspective view of a spin coater chuck of the type shown in FIG. 6B, with a spectacle 
lens mold in position for mounting thereon; 

FIG. 9B is a view similar to FIG. 7B but showing a spectacle lens seated on the spin coater chuck; 

and 

FIG. 10B Is a perspective view of a gasket and two molds in position to be assembled into a lens 
form, used to make a tens of the present Invention; 

FIG. 11B is a cross-section through a form assembled from the gasket and molds shown in FIG. 10B; 

FIG. 12B is a cross-section through a lens of the present invention as produced from the form shown 
in FIG. 10B; and 

FIG. 13B is a cfiagramrnatic view of an apparatus which is not Itself part of the present invention, but 
was used to ascertain the abrasion resistance ratings of coated spectacle lens of the present invention. 



DESCRIPTION OF EMBODIMENTS OF THE INVENTION 



I. General Description 

As illustrated in Fig. 1 . the lens casting apparatus 1 0 of this invention includes a mold storage unit 12. a 
mold coater 14, an array of racks 16 for holding different size gaskets, a work bench 18, and a processing 
center 20 Including a mold assembly and afignment fixture 22, a resin storage and dispensing unit 24. and 
a dual chamber oven 28. The lens casting apparatus 10 is compact requiring only approximately 44 square 
feet of floor space. Thus ft can fit conveniently within a room having dimensions of 10 feet in width and 10 
feet in depth. 

The various components of this apparatus are positioned with respect to one another so that the 
operator can conveniently retrieve molds 12 from the storage unit 2a place these molds in the coater 14. 
retrieve the desired gasket from one of the racks 18, place the gasket 30 and molds in the mold assembly 
and alignment fixture 22, and then retrieve the filled assembly of gaskets and molds, and place them in the 
ovens 26. The mold coater 14 sits on top of the mold storage unit 12 for ease of access and the work 
bench 18, being between the mold storage unit 12 and processing center 20. provides a convenient place 
for the operator to Disassemble the assembly of gasket and molds. A computer 32 is mounted on the side 
of the mold storage unit 12 and the control center for the computer is located above the work bench ia 
permHting tf» operator to make necessary entries or cibserve the screen of the 

for instructions or other information. The apparatus 10. preferably, has a generatty L-shape ouifiguration 
wrm the workberich 1a nxW sto 

center 20 along the other leg of the L. In general toe operator wfl be standing in front of the workbench 18 
and wffi reach to one skto to remove a nioW 

take this mold and place it ki the mold coater 14. With the mold 28 in the mold coater 14 a release agent is 
applied to the mold's ophthalmic surface, for example, by simply using a plastic bottle to squeeze a smalt 
amount of release agent onto the ophthalmic surface and then allowed to harden. The coated pair of molds 
are then placed by the operator into the mold assembly and alignment fixture 22 along with the gasket 30 
for the prescription being processed. The mold assembly and alignment fixture 22 then assembles and 
orientates the molds within a selected gasket which is then moved to the Dispensing head 28 (Fig. 13) of 
the resin storage and dispensing unit where the correct amount of resin Is Injected Into the space 40 (Fig. 
11) between the molds 2a The assembly of gasket 30 and molds 2a with the resin, is then defivered to an 
accumulator station 42 in the processing center 20. The operator removes the filled assembly of gasket 30 
and molds 28 from the accumulator station 42 and places it in one of the oven chambers 26a or 26b. After 
curing overnight the operator removes the -tilled and cured assembly from an oven, disassembles the 
assembly discarding the used gasket 30, and returns the molds to the mold storage unit 12. 
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II. Mold Storage Unit 



As best Illustrated in Figs. 1. 2 and 3. the mold storage unit 12 includes a box-like housing which holds 
approximately 600 different molds. The mold storage unit 12 is a modification of a semi-automatic printed 
circuit board assembly system sold by Ftoyonic Corporation of West Germany. This system employes an 
endless belt (not shown) carrying parallel rods 46 (Figs. 2 and 3) on which are mounted boxes that have the 
ability to tilt about the rod similar to the seat of a ferris wheel. In place of the conventional voxes. a special 
mold package 48 is mounted on the rod containing either a front or a back mold 28. Each mold package 48 
has a Dd 50 which is siidable outwardly and carries on it the mold 2a The mold 28 Is seated and held In 
position by individual tabs 52 carried on the lid 50. Thus, the operator will pull the lid 50 outwardly which 
presents the mold 28 to the operator. Each mold 28 carries on It a marking, such as a bar code 54. which 
identifies and distinguishes this mold 28 from all other molds contained in the mold storage unit 12. If a 
mold 28 is damaged and needs to be replaced, the replacement mold Is delivered within the mold package 
48 which is then inserted by simply slipping the package over the rod 48. . 

The delivery station Includes a series of aligned compartments or mold docks 58 and there is a light 58 
above each individual dock. As will be explained In greater detail below, one of these lights 58 * turned on 
to Indicate to the operator which mold 28 Is to be utilized In processing the prescription being filled by the 
apparatus 10. 



III. Mold Coater 



As best Illustrated In Figs. 4 through 9. the mold coater 14 includes a chamber 80 having a forward 
section 62 and a rear section 64. A carriage 68 Is mounted in the forward section 62 and adapted to move 
reciprocally between the forward and rear sections. A wall 68 extends between the two actions 62 and 64. 
but its tower erd braised abow the car^ 

between the forward and rear sections. The carriage 68 has a floor 70 having tour rotatabte vacuum 

72, 73. 74 and 75 mounted In the floor 70 In each quandrant of the floor. Surrounding each of these chucks 

are a series of holes 78 which allow air to be drawn through the floor. u .„ . 

Each chuck 72-75 Includes a spindle 78 mounted «iashaft80forrot^orr.Tnesr^80lshdlowand 
is connected to a vacuum source. Each chuck 72-75 has a recess 82 therein which 8 *^ 

84 comprising a rubber accordian-like structure. This suction cup 84 Is an alignment wtth the ^ 
and the spindle 78 has an annular offset ledge 88 at the mouth of the chuck which receives a. moW 28 
placed on a chuck. The mold 28 Is seated so that the rwrHjphthatmic surface of the mold «bute sucfcon 
cup84. A removable tray 88 is placed on the carriage 68 and over the spindles 78 of ^ ^J"* 
88 has four sections 90. 91. 82 and 93 in » whfch are indented and include ^low . ceritrally 
positioned. cone-Bee structures 92. The Individual spindles 78 aae '' l ^*^^^f^^^^ B ^^^1 ^ 
The tray 88 is designed to collect any excess release material appBed to the oph^atote surtace of the 
molds 2a Each of these cone-tike structures 92 has a series of vents 94 hi the aktewaB thereof whfch 
permits air to be dravvn through the vent in the cone structure and downwardly through ^ ™e^ h the 
floor 70. Thus, any vapors generated are sucked downwarcfly through the floor of the mold coater 14 and 

o^chaostod* aL .t,n *~ 

In the forward section 82 of tiwrnoW coater 14 located 

are four infrared heating lamps 98 which are turned on after the* release ' na ^*^' ^^^H^^SH^Jl^L H!^ 
opNtehnic surface of the mold 2& These ^» mm ^^^^^^t^t^Z^l 
release material. The rear section 84 includes an ultraviolet ignt 98 whfch is mounted m the top iof the 
coater The wall 68 separating the two sections, and all the walls of the rear section, aro opaque, so that the 
ultraviolet Ignt Is not transmitted beyond the second section 64. This protects the operator form unnec- 
essary exposure to ultraviolet radiation. 

When the molds have been coated and dried hi the forward section 82, the drive mechanism (not 
shown) of the carriage 66 is actuated to move ft from the forward section, underneath the divider wall 68, 
into the rear section 64. The carriage 66 remains in the rear section 64 a sufficient period of time to allow 
the ultraviolet light, turned on upon movement of the carriage into this section, to partially <^ ^ 
material. When this curing Is accomplished, which usually takes no more than about 15 seconds, the 
carriage 68 is returned to the forward section 62. The mokte 28. are then removed from the forward section 
62 and placed m the processing center 20. Two molds 28 and one gasket 30 are assembled in the 
processing center 20 before a second pair of molds and gasket are placed in the processing center. Four 
molds 28 are coated for each prescription of spectacles, two molds for each lens of the spectacles. 



9 



EP 0 318 164 A2 



IV. Molds 

As best shown in Hg. 6 the molds 28 used in the lens casting apparatus have a generally dish-tike 
configuration with a central body 100 with a surface having a curvature fn accordance with an ophthalmic 

5 prescription and a generally flat rim 102 surrounding this surface. Although glass molds may be used as 
shown in Fig. 11. preferably the molds 28 are formed by an electroformlng process wherein a metal base is 
coated through an ion exchange process with a metal that is applied uniformly over the ophthalmic surface 
to give it a smooth, high gloss finish. These molds 28 may be single vision or multifocal. Two molds are 
employed, one for the front surface and one for the back of the lens being formed. The front surface will 

io include any multifocal element Each mold has an optical center with the orientation axis passing through 
this center and generally at a right angle to the plane of the mold as defined by the rim 102. 

In accordance with one feature of this invention, each mold has associated with it an Indexing element 
such as a pair of notches 104. The notches 104 are diametrically opposed and Be along a fine which passes 
through the optical center of the mold 2a In most cases the optical center and geometric center will be 

is identical. The notches 104 engage aligned pins (not shown) in the mold assembly and alignment fixture 22. 



V. Gaskets 

20 As shown In Rgs. 10, 11 and 13, the gaskets 30 employed each include a generally annular body 
member 108 formed by Injection molding of a PVC or PVA polymer. The body member 108 has a 
cylindrical wall 108a with two opposed open annular ends 110 and 112 and two protrusions 114 extending 
outwardly from the outside surface of the wall 108a These protrusions 114 have a face section 116 which 
ties generally in the same plane as the open end 110. Each of these protrusions 114 are dlametricaBy 

25 opposed to each other and each Includes a channel 118 which extends ix*tween the face and an opening 
120 in an annular shoulder 122 which runs along the Inside surface of the cylindrical wall 108a This should 
122 has a flat front section 124 which is generally at 80 degrees with respect to the plane of the face 
section 116. and it Is surrounded by recesses 126 and 128 which extend into the wan 108a. Each of these 
annular recesses 126 and 128 has a ramp section 130 and 132, respectively, leafing to the mouth of the 

so recesses 126 and 128. 

The ramp sections 130 and 132 are adapted to deform when the mold 28 are inserted Into the open 
mouths as Illustrated in Fig. 11. When the mold 28 passes the lip of a ramp section, the rim 102 of the 
mold is lodged in its corresponcHng recess and the ramp section snaps back to clamp or hold the rim 102 
firmly in Its grip. Thus, when resin is.injected into the channel 118 extending into the space 40 between the 

ss two molds 28 to fill the space, the molds remain stationary relative to each other. The Different sizes of the 
gaskets 30 are determined by the width of the front section 124 of the should 122. which determines the 
distance between the two molds 2a Different prescriptions require different spacings. 



40 VL Processing Center 

As shown in Figs. 1. 12, 13, 14 and 16. the processing center 20 includes the mold assembly and 
afignment fixture 22, the resin storage and expensing unit 24. the accumulator station 42. and the curing 
ovens 26. This processing center 20 with tts aggnmen l component s Is contained in a generally box-Ike 
45 housing structure. The resin storage and Dispensing unit 24 includes a refrigerator 131 forming the base of 
the processing center 20. The mold assembly and alignment fixture 22 is centrally located about waist high 
for easy access by the operator. The ovens 26 are immediately above this fixture 22 but in easy reach of 
the operator. 

60 

A. Mold Assembly and Alignment Fixture 

The mold assembly and aBgnment fixture is specially designed to function in the apparatus 10 and is 
described to detail in a separate U.S, patent application, incorporated herein and made part of this 
ss appBcation, and entitled. "Lens Forming Apparatus". Lyon & Lyon Docket No. 180/281, by Kachef et ah. 
filed the same date as this application, and assigned to the same assignee as this application. 

As illustrated In Rg. 12, the mold assembly and alignment fixture 22 includes two sections 130 and 132. 
The first section 130 includes a mandrel 134 driven by an air cylinder (not shown) which, when activated. 
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will move in a downward direction. The gasket 30 is placed on the mandrel 134 and the front mold 28 Is 
placed on a moveable shuttle 106 which moves beneath the mandrel 134. The shuttle 106 includes a 
vacuum chuck (not shown) for holding the front mold 28 in position. This vacuum chuck has pins (not 
shown) thereon which interact with the notches 104 on the mold 28 to correctly position the mold relative to 

s the gasket 30. There are also two pins which are inserted into the channels 118 of the gasket 30 upon the 
gasket being manually placed on the mandrel 134. 

Tire second section 132 also includes a mandrel 136 having an air cylinder (not shown). The mandrel 
136 has a vacuum chuck (not shown) for holding a back mold. The cylinder is adapted to move the vacuum 
chuck downwardly to force the back mold into the gasket after the gasket with the front mold inserted In its 

10 underside is moved by the shuttle 108 into alignment with the mandrel. Upon assembling the molds 28 and 
gasket 30, the assembly Is moved to a fill pocket 139. 



B. Resin Storage and Dispensing Unit 

16 

The resin storage and dispensing unit 24 as shown In Figs. 13. 14, 15 and 16 includes the refrigerator 
131 and the dispensing head 3a The refrigerator 131 has a normally closed door 138 which is locked and 
has an alarm which Is activated when the temperature of the refrigerator exceeds 0 degrees Fahrenheit 
Individual cannisters 140 containing resin are stored in the interior of the refrigerator 131 by means of a 

20 rack 142 which has holes 144 therein corresponding to the diameter of the cannisters. The cannisters 140 
bear a label 141 carrying a bar code which is scanned prior to loading to check against using resin which is 
unsuitable. The cannisters 140 are dropped into these individual holes 144 with the upper Op section 146 of 
the cannister serving as a stop. Each cannister 140 contains resin, said resin being either clear or tinted 
with one of five different colors or shades such as pink, gray, brown, amber,- and peach. 

25. The resin cfispenser. as best shown In Rg. 16. includes a tray 148 mounted in the refrigerator 131 on 
tracks 150 which enable it to be pulled outwardly when the refrigerator door 138 is opened to fiB the tray 
with cannisters 140 from the rack 142. This tray 148 includes a base section 152 of a generally rectangular 
configuration having two rows of three holes each therein. Extending downwardly from each of these notes 
are metal sleeve elements 154 and at the bottom of each sleeve Is a sensor 160. At the end of each sleeve 

30 element is a tube 156. Each tube 156 is connected to the cfispensing head 28 located adjacent the fixture 
22. There is an opening 158 in the top of the refrigerator through which these tubes 156 extend. This 
opening 158 is sealed so that the minimum of heat transfer occurs at this point The tubes 156 are 
sufficiently long to enable the tray 148 to be moved in and out without placing unnecessary tension on the 
tubes. 

35 Incfividual cannisters 140 are placed in the individual sleeves 154, with a plug 162 in the cannister being 
unscrewed and the end of the tube 156 being screwed in place of the plug 162. Each cannister 140 has two 
principal components; a generally cyimdrical tubular wall element 164 terminating In a conical outlet end 
section 166 and a plunger element 168 which rests on top of the resin contained in the tubular element 
When pressure is applied to the plunger element 168 the resin is forced out the outlet end section 166 and 

40 through a tube 156 to the cfispensing head 38. 

The tray 148 includes a fid 170 Nngedly mounted to the rear of the base 152. A pair of screw-type 
connectors 172 are used to hold the Id 170 securely in place when it is dosed and are unscrewed to 
permit the fid to be opened as shown in Fig. 16. This id 170 includes sbc pressure ports 174, each 
inducing a seal 174a. that surrounds the openings in the base section and seals these openings when the 

46 fid 170 is dosed. Each pressure port has an elbow 176 extencfing outwardly from the top of the fid, and 
each efcow has a pressure fine 178 connected to It inducting a valve (not shown). When the valve is 
opened, pressure is applied through the elbow and pressure port against the plunger 168 to force resin 
from the outlet end section 166 through the tube 156 to the dispensing head 3a Thus, the apparatus 10 has 
the capability of cfispensing at least six different colored resins selectively. 

50 As will be noted by reference to Rg. 15, the plunger element 168 has a ferrous metal strip 180 
embedded In it When the plunger element 168 is moved to a position so that the metal strip 180 is 
adjacent to a sensor 160, the sensor then provides a signal indicated that this cannister 140 needs 
replacement 

Tne dispensing head 38, as best shown in Rg. 13, indudes a disk-fike plate 182 having six different 
55 tubular-type nozzles 184 extending outwardly from the bottom face of the plate. Opposite each tube and 
mounted on the other side of the plate are six solenoid valves 186. with individual tubes 156 connected to 
each of these valves. When a valve 186 is opened and pressure is applied to the cannister 140 in 
communication with this valve through a tube 156, resin will flow through the valve and out the nozzle 184. 
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Closing the valve 188 will immediately discontinue the flow of resin from the nozzle 184. 

Centrally located and extending outward from the plate Is a drive shaft 188 which is connected by a 
sprocket 190 and drive belt 192 to a motor 194 mounted to the housing. Adjacent the dispensing head 38 Is 
a vacuum device 196 including a nozzle 198 connected to a vacuum line 200. This nozzle 198 is adapted to 

5 fit into the channel 118 in the gasket 30 when the gasket is tilted to move into the resin fill positwru 

As the assembly of molds 28 and gasket 30 moves from the fixture 22 It rests on a tillable platform 202. 
Beneath this platform 202 is an air cylinder 204 which has the piston 206 of the cylinder connected to the 
base of the platform 202. The platform 202 is mounted so that It tilts from a ready position to the gasket fill 
position. When the assembly of molds 28 and gasket 30 is In the ready position It Is aligned so that the two 

w channels 118a and 118b are in registration with, respectively, the nozzle 198. and one of the nozzles 184 of 
the dispensing head 3a Depending upon which resin is to be used, the motor 194 is actuated to bring the 
desired resin nozzle 184 to the fill position. Thus when the cylinder 204 is actuated to move the platform 
202 from the ready to the fill position, both nozzles 198 and 184 will be Inserted simultaneously into the 
channels 118a and 118b. The solenoid valve 186 for the resin nozzle 184 in the channel 118b is opened. 

is permitting resin to flow through the tube 156 under pressure tnto the space 40 between the molds 28. 
Simultaneously, vacuum Is applied to the other nozzle 188. When the resin approaches the nozzle 188 a 
pressure change occurs which is detected to provide a signal to discontinue feeding resin. As soon as the 
correct amount of resin has been dispensed, the solenoid valve 188 is again closed to discontinue the 
supply of resin and the vacuum is terminated. The platform 202 is then moved from the fill position to the 

20 ready position by drawing In the piston 206. , . ^ 

A sweeper 208 is used to then move the filled assembly of molds 28 and gasket 30 from the platform 
202 to the accumulator station 42. Upon being actuated the sweeper 208 strikes the assembly of molds 28 
and gasket 30 to push the assembly from the fin pocket 139 into the accumulator station 42. With the filled 
assembly in the accumulator station 42. the operator may now place this assembly In the oven 26. 



25 



C. Ovens 



As shown to Rg. 1. a double oven 26 Is used so that both targe and small batches of lenses may be 
so processed within a 24 hour period. This double oven consists of two oven chambers 26a and 28b. Each 
chamber is preprogrammed to go through a predetermined heating and cooling cycle that provides for 
curing of the resin at the proper temperatures to provide a quality lens. These ovens are stacked one upon 
the other and are located immediately above the mold assembly and alignment fixture 22 to provide ease of 
access for the operator. Each oven 26 has a light emitting diode (LED) that is turned on to indicate when 
ss the oven is operating. 

VII. Operation 

40 Tneop«atlon of tl» tens casting 

is a standard BM type personal computer employing an 8086 microprocessor chtp- The control functions 
are initiated by manual or automatic switching functions provided by conventional sensors occurring 
thnxiajvxittteorjeraticxioftrw 

the ooeratjons of the apparatus 10 oeneraly In accordance wfth the ftow oTarjram mustrated m Rg. 17. The 
45 soincVaxle for the computer 32 is set forth in Appendix A attached to this application and Incorporated 

herein by reference. 

Referring to Rg. 17, the description fw tte job orr^ (Rg. 1) either through 

remote order entry, for example, at the optometrist's office, which is electronically connected to the 
computer, or by the operator using a keyrjoard 210 to enter the order, tf the |rA 
or if the prescription does not come within the range of molds contained within the mold storage unit 12. 
the computer 32 prevents further operation of the apparatus 1 0 and displays on the monttor 34 that this Job 
order must be sent to an outside laboratory. Next, the computer verifies that the prescription can be 
processed by the apparatus, and checks to see that it is, for example, a bifocal of the flat top 28 category 
or a angle vision tense, that the pupillary distance In frame geometry corresponds with the mold capability 
of the apparatus 1 0. that the sphere, cylinder, and add are also within the capability of the apparatus. If any 
of these parameters of the preoption cannot be satisfied by the apparatus 10. the rjomputer 32 will reject 
the proscription and provide a visual indication on the monitor 34 that this prescription must be filled by an 
outside laboratory. Certain aspects of the prescription may not have been correctly entered, such as the 
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sphere being divisible by 2b or the add not being divisible by .25. If such an operator error in entenng the 
prescription occurred, the apparatus 1 0 is equipped with an alarm such as a beeper which will be turned on 
to provide an audio signal that the prescription entry needs correction. There is also provided a display of 
this condition on the monitor 34. enabling the operator to manually make the correct entry for the sphere, 
cylinder, or add by entering the correct information through the use of the keyboard 210. With the 
prescription data properly entered Into the computer 32, it will obtain from its memory the necessary 
component numbers from an internal component selection file and also obtain information on available 
molds and locations of these molds in the storage unit from a mold master file within the memory of the 
computer. . . 

tn the flow chart, the right lens Is illustrated as being processed first The computer 32 checks to see 
that both a back mold 28 and a front mold 28 are available to make the right tens. If these molds are not 
available, it may be possible to fill the prescription using alternate molds for which the computer checks. If 
the alternate molds are unavailable, the computer 32 indicates that this prescription will have to be filled at 
a later time when the molds are available. This could occur if several prescriptions were being filled all on 
the same day using all of the available molds for that day's run. This will require that some prescriptions be 
filled the following day. The computer 32 then repeats the same process for the left tens. 

Assuming that the necessary molds 28 are available to fill both the right and left lens for the 
prescription being processed, the mold master internal file of the computer 32 Is then updated indicating 
what molds have been allocated to fill the particular prescription being processed. Next the computer 32 will 
write In its memory a Job bath record to Identify which molds are being used to fill the prescription being 
processed. Optionally, at this point a job ticket 212 (Rg. 1) is printed out by a printer 214. This job ticket 
21 2 will be used to Identify this specific prescription and the job ticket 21 2 will be placed m the work tray 
(not shown) which will hold the finished lenses and be carried to the section of the optometrist's laboratory 
to trim the edges of the lenses and place them in frames. 

It Is contemplated that all the prescriptions for a given day will be processed at the same time? for 
example, at the end of the day. These prescriptions will have been inputted either periodically throughout 
thedayorattheendoftheday.The computer 32 will remain in the prescription processing mode until the 
operator gives a manual input signal to the computer that no more prescriptions will be P' 008 ^^^; 
At this point the operator will begin manufacture of tenses. Individual Job orders wiH be processed 
sequentially m accordance with the most efficient utilization of molds and resin. For example, the computer 
32 will have in Its memory data indicating the level of r 

in an order which will minimize replacement of canisters white running a particular batch of P^pttens- 

The operator now signals the computer 32 through the use of the keyboard 21 0 to start the batch run 
with the prescriptions being tilted in the order established by the computer. The first Instruction the operator 
rs provides is a signal to start the mold coater 1 4. Upon receipt of this signal, the computer 32 turns on a fail 
tamp 216 (Rg. 4) to Indicate to the operator that the 

for c»eration. The operator does not place any molds 28 in the coater 14 until it has been checked out to 
see that it Is operational. Rrst there is a sensor (not shown) in the coater 14 which provides a signal 
lixficating the carriage 66 Is hi the forward position. This is verified by the computer 32 through a timing 
« subroutine which requires that the signal be received indicating that the carriage is in the forward position 
within a certain period of time. Otherwise, an audio signal Is activated providing a continuous beep 
indicating that the carriage 66 Is im* in the forward position Vrlm 

iiftravfolet temp 98 Is activated. This is accomplished by turning the ultraviolet lamp 98 on for S second 
Interval frve times at a high vo^ 
45 the high voltage leveL A sensor Is provided In the power Input to the lamp 98 which Inolcatesa y 0 ** 2 ^ 
drop, si^ialirig that the lan^ 

turned on and the monitor 34 displays instructions that the temp must be replaced. The operator wiH 
replace the defective temp and then provide a manual input signal to the computer 32, which then recycles 
the test to see that the iittravfotet temp 98 is operational. When this lamp 98 has been checked out and 

so determined operational, the high voltage Is turned off. 

The next important verification that Is conducted by the computer 32 is to determine that vacuum te 
applied to the various chucks of the mold coater 14 and vacuum Knes in the processing center 20. This 
vacuum is sensed by sensors in the vacuum chucks in the coater 1 4 and vacuum heads of the processing 
center In the mold and gasket assembly fixture 22 and resin storage and dispensing unit 24. A similar 

65 verification is conducted for pressure. 

- If for any reason either pressure or vacuum is not present as required, an audio signal in the form ot a 

continuous beep Is activated and a display is o^cted c^ the screen of the rwwitor 34. The 

indicate to the operator where the problem occurs and the operator will now be required to fix the defect 
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When this has been accomplished, the operator will signal the computer 32 through the keyboard 210 that 
the pressure or vacuum is corrected. The computer 32 then recycles through the verification program to 
again check that the correct pressure and vacuum are present in the apparatus 10 at the stations where 
needed. The audio signal in the form of a continuous beep for a predetermined time will indicate to the 
operator that all is well. 

The computer 32 now reads the job record file to determine what front mold 28 and back mold 28 
should be use. what tint and gasket should be used, place into memory the I. D. number of the molds as 
represented by the bar code 54, and the location of the mokte in the storage unit 12. The computer 32 then 
actuates the drive mechanism of the mold storage unit 12 to deliver to the delivery station 36 at the 
appropriate dock 56 the front and back molds 28 to be used in filling the prescription for one of the lenses. 
The operator at this point removes the molds 28 from the docks 56 and scans the bar code 54 appearing 
on the molds using a conventional bar code reader (not shown) which Is connected electronically to the 
input of the computer 32. This data is verified to insure that the correct mold has been delivered. If the 
wrong mold has been delivered to a dock 56. there win be displayed on the monitor an indication of this 
error and an audio signal will be activated. The operator is now called upon to follow a predetermined 
reorganization procedure. This procedure is required in the event that a mold was inadvertently placed In 
the wrong storage compartment within the mold storage unit Once the operator has performed the 
procedure to correctly reorganize the molds within the storage unit 12, the mold storage indexing procedure 
is recycled to insure mat the correct mold 28 is utilized. 

Upon defivery the correct mold 28 to the mold defivery station 36, the LED 220 for the left back mold 
chuck is activated and a manually operated foot pedal is actuated to Initiate the vacuum for the left back 
chuck. The operator now places the left back mold on the left back chuck 72. At this point the vacuum 
applied to the mold 28 is verified by a signal to the computer. If upon placement of the left back mold 28 on 
the left back chuck 72. no vacuum occurs, no signal will result and the computer will provide a visual 
display on the monitor 34 and turn on the audio alarm. The operator will correct this condition and again go 
through the verification process. This sometimes occurs if the operator places the mold on the wrong 
chuck. 

With the mold 28 correctly placed on the left back mold chuck, the LED 220 is turned off and the 
storage unit 12 is indexed to deliver to the delivery station 36 the left front mokL The operator w9l again 
scan this mold 28 using the bar code reader. This same process Is continued for both the left front moid 
and right back mold as indicated in the process flow chart 

With all four mold elements property placed In the spin coater, the operator Is now ready to apply the 
release coating to the ophthalmic surfaces of the molds, first, however, the mold surface is washed with 
acetone. The operator, through a push button 230. signals to the computer to start the operation of the 
chucks 72-75. The computer wiD signal the drive system for the chucks which begin to spin. The operator, 
as the chucks are spinning, applies a small amount of the Bquid release agent to the surfaces of the molds. 
On the front mold the release agent Is formulated to enhance scratch resistance, and on the back mold it Is 
formulated to enhance both mold release and tintability. After applying this liquid, the operator again signals 
the computer 32 through the push button 230 to begin the infrared heating cycle. At this point the computer 
32 turns on the infrared lamps 96. The time Is monitored by the computer 32 and, upon expiration of the 
predetermined time, the Wrared lamps 96 are tomed ofc 

the voiatiles from the scratch resistant coating so that it forms a uniform, relatively dry. film covering the 
ophthaJrnic surface of the molds 28. This «m is then cured with itfravioiet radtefion to cross fink the 
rrwIecirfBS- The time erf UVcuri^ 

At this stage in the operation, the computer 32 moves to the next sequence on expiration of the time 
cycle for the infrared lamps, signalling the drive system for the carriage 66 to move the carriage from the 
forward position into the ultra violet tight section 64 of the mold coater 14. A sensor Is provided to indicate 
to the computer 32 when the carriage 66 is in section 64. If the carriage 66 falls to move to the rear 
position, the computer 32 wfll display on the screen of the monitor 34 that an abort condition exists and the 
audio alarm will be activated and the apparatus 1 0 will be stopped. Assuming that the carriage 66 has been 
moved into the ultraviolet section 64 as indicated by the sensor, the chucks continue to rotate at 
approximately thirty revolutions per minute for a predetermined time. The computer activates an internal 
clock or timer which turns on the ultraviolet light 98 until the time cycle is completed. The ultraviolet fight 98 
is checked to verify It is operational. If the ultraviolet fight 98 is iooperable. this condition is displayed on the 
monitor 34. the audio alarm Is activated and the apparatus 10 is stopped. Assuming that the Bght 98 is 
functional, after the time period expires, the light 98 Is turned off and the rotation of the chucks 72-75 is 
discontinued. The carnage drive is now signalled by the computer 32 to return the carriage 6 to the forward 
position and a sensor checks that this condition has occurred. If for some reason the carriage 66 fails to 
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return to the forward position, the audio alarm is activated, a display is presented on the monitor 34, and the 
apparatus 10 is stopped. At this point a process lamp 224 is turned off, indicating to the operator that the 
coating on the molds has been property cured. 

The computer 32 now checks the resin level in each individual cannister 140 to see that resin is 
available. If there is an adequate supply of resin to fill the mold and gasket assembly being processed, the 
audio alarm Is activated and a display is presented orr the monitor 34. If this condition is present the 
operator will restock the resin dispensing unit 24 in accordance with a preset procedure and the resin 
verification cycle will be repeated An audio signal such as a short sequence of three beeps will be activated 
by the computer indicating to the operator that the inappropriate quantities of resin are available. The 
computer now activates the LED 226 (Fig. 1) over the stack of gaskets 30 corresponding to the correct 
gasket to be used to process the lens being made. The operator will manually remove the gasket from the 
correct rack 16 and scan this gasket with the bar code reader. Upon seaming, the data is inputted to the 
computer which verifies that the correct gasket has been selected corresponding to the job record being 
processed, tf the operator has selected the wrong gasket 30. the monitor 34 will display a visual signal to 
the operator and the audio alarm will be activated. This indicates to the operator that he must replace the 
reselect the proper gasket Assuming the correct gasket has been selected, the gasket indicator LED 226 is 
turned off and there is a record created In the internal memory of the computer. This record Is used to 
monitor the supply of gaskets available, allowing automatic reorder entry when additional gaskets have to 
be supplied. 

The operator now places the gasket 30 onto the mandrel 134 of the mold assembly and alignment 
fixture 22. There is a sensor which indicates to the computer 32 that the gasket 30 Is in place. If this 
condition is not present, again the audio alarm is activated and a visual signal Is displayed on the monitor 
34 Indicating to the operator to replace the gasket 30 or remount it correctly. With the gasket In place, the 
computer 32 turns on the vacuum chuck of the shuttle 106. The computer 32 at this points turns on the LED 
228 (Rg. 4) of the mold coater tAtaeTeating to the operatoMhat Arnold can now be removed and placed 
on the vacuum chuck of the rriandreM38; The computer 32 verifies through a sensor signal from the mold 
coater 14 that vacuum Is applied to all four vacuum chucks. This will proviee a signal upon removal of the 
right front mold that there is vacuum on the chuck for the right front mold- If this condition Is not present 
there will be a display on the monitor and the audio alarm will be activated, indicating to the operator to 
follow a corrective procedure. Assuming that this condition prevails. Le^ that vacuum is applied to all four 
chucks and only the ritfit front rm>W chuck te not puffing a va^ 

removed. With this condition prevailing vacuum for the mold coater is turned off and the right front mold 
LED 232 of the mold coater 14 is turned off. When the operator places the mold on the first station of the 
mold assembly unit the operator depressed the foot pedal 222 to engage the vacuum to hold the mold in 
position If vacuum Is not present, the audio alarm and the visual display appears on the monitor of the 
computer. If this condition Is present the operator will follow a corrective procedures to make certain that 
vacuum Is established in the first station. 

The computer at this point turns on the LED for the right back mold Seating to the operator that this 
mold should be removed and placed m the station of the mold assembly fixture. The operator removes the 
right back mold, placing it on the vacuum chuck of the rnartdrel 138 and activates the vacuum to r»H the 
rigtrt back mold in position by depressing the foot pedal 222. Again the cornputer 32 verifies trial if* right 
back mold has been removed by checking the sensors on the vacuum chucks In the mold coater. At this 
pomtinthecjpera*)*^ 
frorrtarKi left backs wBL If thfc 
cfeptayedc^themonto 

operative, the right back mold LED 232 of the mold coater 14 Is turned off. If the vacuum Is not present as 

Indicated by the sensors at this unit the audio alarm is activated and a display on the monitor 34 occurs 
indicating to the operator to take corrective action. 

The computer now verifies that the mandrels 134 and 1 36 are both in the home position. In other words, 
the gasket is on the mandrel 1 34 situated above the right front mold and the right back mold Is held by the 
varjuiimchirckoftterr^ condition. If this condition at both mandrels 134 aiid 136 does 

not prevail, as indicated by the sensors, the computer will retract the mandrels at both stations to home 
position and the computer will recbeck and verify this condition. An interiock system is also verified to make 
sure that no unwanted objects are present which would Interfere with the assembly of the molds or the 
operator. With the interlock verification checked and the Interlock system released, the right front mold Is 
inserted into the gasked 30 by the computer activating the drive cylinder for the mandrel to force the right 
front mold Into the bottom opening of the gasket 30 he Won mandrel 1 34. If for any reason the Interlock is 
inoperable, the audio alarm Is activated, a display occurs on the monitor 34 and the apparatus 10 
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operations are stopped until the problem Is corrected and the operator notifies the computer 32 by input 
through the keyboard 210. Trie computer 32 will then reverify that the mandrels 134 and 136 are In the 
home position. 

The timer is activated when the front mold 28 is inserted into the gasket 30. At the end of the time 
cycle the mandrel is retracted, raising it to the position shown in Fig. 12. The computer 32 verifies that the 
mandrel 134 has been moved to the home position and if not the cycle is repeated. 

Upon successful return of the mandrel 134 to the home position, the shuttle 106 is activated by the 
computer 32 turning on its drive motor (not shown) to move the shuttle to the second position, bringing the 
assembly of the right front mold and gasket 30 to beneath the mandrel 136 immediately below the right 
back mold which is held by vacuum above the gasket 30. A sensor verifies that the shuttle 106 has been 
moved to the second position. Failure to sense this condition will cause the computer 32 to recycle the 
operation. 

At this point the computer will actuate the rotary drive for the second mandrel 136 to set the axis 
alignment of the right back moid. A sensor checks for verification Of proper alignment and. if this condition 
is not present the axis alignment cycle will be repeated. With the axis alignment set the drive cylinder (not 
shown) for the mandrel 136 is activated by opening a valve automatically under solenoid control by the 
computer 32. This will cause the mandrel to move downwardly, forcing the right back mold into the open 
upper mouth of the gasket 30. A time cycle is activated at this point which upon expiration of the time 
cycle, will turn off the vacuum of the mandrel 136, releasing the front mold from the vacuum chuck. The 
mandrel 136 is retracted and this condition is verified by sensor which signals the computer. If this 
condition does not prevail, the cycle is repeated. 

Upon successful assembly of the front and back molds in the gasket 30, the shuttle 108 is moved by Its 
drive motor being activated by the computer 32 to return it to the home position beneath the mandrel 134. 
Upon verification that the shuttle 106 has been returned to the home position, the mold and gasket 
assembly is moved into the fill pocket 136. H-eitfwHhe shuttle 106 fails to return to the home position or 
the assembly is improperly lodged In the fill pocket these cycles will be repeated. With the assembly In the 
fill pocket vacuum on the rear mold is released. 

The computer verifies that the sweeper 208 is in the home position using a suitable sensor to detect 
this concfition. If not the sweeper retraction cylinder (not shown) Is activated to set the sweeper in the 
correct position to enable ft to sweep off said mold and gasket assembly into the accumulator station after 
the assembly is filled with resin. With the sweeper 208 in position, verification of the shuttle position is next 
confirmed to insure that the shuttle has been returned to the home position. The cycle is repeated If this 
condition does not prevail. 

Assembly of molds and gaskets Is now in the fill pocket 139, with the till channel 118b and vacuum 
channel 118a of the gasket being respectively aligned with the nozzle 184a of the resin dispensing head 38 
and the vacuum nozzle 18a In accordance with the prescription to be filled, the computer activates the 
drive motor 194 for indexing the dispensing head 38 to the home position. This condition is verified, and 
upon verification, the computer 32 will index the proper nozzle 1 84 to align it with the fin channel 1 1 8b. This 
nozzle 184 is then inserted into the fill channel 118b by the computer 32 activating the cylinder 204 which 
tilts the mold and gasket assembly upward at about a 10 degree angle. A vacuum senses triis condition, if 
this coridmon is not sensed, the cycle is repeated. At this point the computer 32 activates a compressor 
(not shown) which apples pressure to the pfcinger 168 of the canrii^ 
156 and rrezte 184 into Ite space 40 be 

molds 2a this is sensed and the computer 32 terminates the flow of resin by removing the pressure being 
appfced to the plunger 16a The computer 32 then automatically returns the assembly to a horizontal 
position, which condition is sensed and the exhaust device 198 is terminated. The computer 32 activates 
the drive for the sweeper 208 which pushes the filled assembly Into the accumulator station 42. The 
sweeper 208 is then retracted. This condition is sensed by a switch that indicates that the sweeper 208 has 
been returned to the home position. If this condition is not verified, the sweep retraction cycle is repeated. 
The shuttle cylinder is activated to move it to the first position which Is verified. The apparatus is now in 
conrJtion for a second tens. 

After aD the gasket assemblies have been filled with resin, the operator places them in the oven or 
ovens 26 as the case may be. The ovens 26 subject the resin to a heat cycle which will cause soOdifcation. 
The typical time cycle will be overnight however, shorter time cycles may be utilized depending upon the 
resin formulation. When the heat cycle has been completed, the operator removes the molds and gasket 
assembly from the oven 26. Because the mold surfaces have been coated with a suitable release agent the 
operator can easily cfisassemble the molds by twisting the gasket 30. allowing the molds 28 to pop out of 
the gasket The gasket 30 is discarded. The operator uses the wand to read the bar code on the molds and 
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places a tag on the lens with a bar code which is scanned by the wand to indicate that the job has been 
completed. The computer advances the conveyor of the mold storage unit 12 to bring the appropriate mold 
package 48 to the correct dock 56. The fight 58 over the dock will be lit. indicating to the operator that the 
wanded mold should be placed in this particular container. 

e Preferably, the lenses are then placed in the oven for approximately one-half hour to subject them to a 
post curing operation and then they are returned to the mold coater to be subjected to a post UV curing. 
The lenses upon completion of this post UV curing are then placed in a job tray along with the ticket for 
trimming and assembly in the frames. Each lens is placed in a Job tray along with the printout ticket 212 
indicating the patient, prescription, and any other pertinent information associated with this particular job. In 

w the course of a few hours at the end of the day the operator can manufacture ten to twenty lenses which 
would be the usual number of lenses prescribed during the course of an average day. If an exceptionally 
high volume occurs, the second oven would be employed to cure those lenses. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 



In order to more fully appreciate the present preferred, embodiment of the present Invention, a 
spectacle tens forming workstation which uses components of the present embodiments, will first be 
20 described. This will be followed by a more detailed description of various aspects of the present 
embodiments, including a description of the method of the present invention for producing a tens coated 
with an abrasion resistant coating on front and back surfaces thereof, as well as the resulting tens. 



26 Spectacle Lens Forming Workstation 

The tens forming workstation is shown in Figure 1B. This lens forming station is arranged for operation 
wtth minimal operator Intervention. Mounted thereabove is a gasket dispenser 804 for dispensing gaskets of 
a type such as those gaskets described below. Likewise, a mold holder and dispenser 680 stores a plurality 

so of different molds therein, any one of which can be dispensed at dispensing door 682. A counter 806 © 
provided as a working space, upon which the selected gasket and molds can be identified using scanner 
802 connected to a computer 800. The molds can be spin coated with a monomeric coating, such as a 
coating which is abrasion resistant when polymerized, in spin coater 2a, which is described In more detail 
below. A rear compartment 20a contains an actinic light source which can polymerize the monomeric 

35 coating which is spin coated on the molds, 

A spectacle tons form assembly apparatus 200a. which is described in detail below, receives both the 
chosen gasket and coated molds, in a manner which is described in detail In that application, and 
assembles them to produce form, form assembly apparatus 200a includes a form filling station which 
receives a form so assembled, and fills it with premixed resin pumped from storage In a refrigerator 400. 

40 The fining station is disposed in a cooled housing 402. cooled by means of a fen (not shown) which 
circulates cold air from refrigerator 400 into housing 402. The resin dispenser rr^edianism within refrigerator 
400 is more fully described above. A form accumulator 338 of the form assembly apparatus 200a, receives 
filled forms from the resin injection station. Two ovens 500 are disposed above the form assembly 
apparatus. 

4$ Briefly, the operation of the overall tens forming system is as follows. The operator enters the lens 
rjrescriptionintriecornputer 

the prescription, from gasket dispenser 804 and mow dispenser 680, respectively. The molds can be 
seated on spin coater chucks 63a of spin coater 2a. and spin coated therein if desired, typically with a 
monomeric polymerizabte coating. Spin coater chucks 63a. with the molds still retained thereon, are then 

so moved to rear chamber 20a. where they are exposed to a suitable dose of actinic Hght, *m order to partially 
polymerize the coating. When chucks 63a are again moved to the position shown In Figure 1 B. the coated 
molds can be removed therefrom. The operator then positions the coated molds and gasket in a form 
assembly apparatus 200a. in a manner described In more detail below, which apparatus assembles the 
form from them, tins the form with resin, and deposits filled forms on accumulator 33a 

65 The operator can then removed the fiOed forms from accumulator 338. and place them within either of 
two ovens 500. which are controlled for suitable curing cycles. A typical curing cycle would be for an initial 
15 hours commencing at 105* F. and ramped to Increase to 145* \ Following curing of the resin, the form 
can be disassembled, the gasket typically disposed of . and the molds returned to mold retaining and 
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dispensing apparatus 680. If desired, the lenses may be returned to chucks 63a of spin coater 2a, which are 
then moved to rear chamber 20a in order to expose the partially polymerized coatings, to a further suitable 
dose of actinic tight and thereby completely polymerize them to a degree which provide suitable abrasion 
resistance. 

5 Having thus described the overall lens forming station of the present embodiment further aspects of 
this embodiment will now be described In detail. 



Gasket 

JO 

The gasket of the present invention, as best seen in Figures 2A and 3A, has a hollow, resilient body 
100a which is outwardly bowed when no molds are seated therein, as best seen in Rgure 3A. Body 100a 
has opposed first and second open ends 102a, 104a, respectively, and an inside surface 105a of 
substantially circular radial cross-section throughout its axial length. Inside surface 105 though, tapers 

75 inwardly (i-e., has a decreasing diameter) from respective open ends 102a, 104a. Two annular slots 106a, 
107a are disposed on inside surface 105a, and are separated by annular, Inwardly extending tip 108a, which 
is made of the same resilient material as the remainder of Gasket 100a, and as a result is compressible. 
That is, lip 108a Is compressible in an axial direction, at least at the curing temperature of the resin which 
will be used to form a tens. A conduit 1 12a acts as a resin inlet conduit communicating between an inlet 

20 114a and a resin injection port 116a disposed on axiaily extending shoulder 111a Another conduit 118a 
acts as an outlet conduit communicating between outlet 118a (which is diametrically opposed to Inlet 114a), 
and a vacuum injection port 120a disposed on an axialty extending shoulder 117a. Inlet 114a and outlet 
119a lie on a plane perpendicular to the axis of body 100a Both conduits 112a, 118a have port portions 
112b. 118b respectively, which are of greater diameter than Interior portions 112c, 118c and have 

25 respective tapered rx>rtk>ris 11 2d. 118d extendng between port rx>rtiorts and interim portions. 

Slots, 106a, 107a are cfimensioned to sealingly engage against -annular- flanges 122a, 128a of mating, 
first and second molds 120a, 126a, respectively, when such molds are in their respective seated positions, 
as best shown in Figure 4A. first and second molds 120a, 126a, each have a pair of diametrically opposed 
indents 123a and 128a. respectively, which extend partway into flanges 122a. 128a. for purposes of 

30 estabfishing relative rotational angles of molds 120a. 126a. in a manner described below. Molds 120a, 128a 
also have respective molding surfaces 124a, 130a, which correspond to the optica! surfaces of the lens 
which is to be formed. In a typical case, molds 120a, 126a will define the front and back surfaces, 
respectively, of a lens formed thereby. 

Gasket 100a is used to produce a form in conjunction with mating molds 120a 126a, simply by 

ss inserting the molds through respective open ends 102a, 104a of gasket 100a, until they are in their seated 
positions as shown in Figure 4A. wtth Ranges 122a, 128a sealingly engaged within slots 106a, 107a 
respectively. Such insertion is facilitated by the inwardly tapering diameter of the inside surface 105a, as 
previously described. Further, due to the dimensioning of slots 106a, 107a with respect to the dimensions of 
flanges 122a, 138a, when the molds are In their seated positions, resilient body 101a is caused to bow 

40 inward in a manner best seen in Figure 4A. Such a configuration tends to urge molds 120a. 126a in a 
direction toward one another. 

Thus, when gasket 100a is assembled with mating molds 120a 126a a spectacle lens form is produced 
as shown In Figure 4A. which Includes a cavity 139a corrforrmng to toe shape of the tens to be formed, and 
includes a resin injection port 116a and dtemetrfcafly opposed vacuum injection port 120a 

45 A particularly useful back mold of the present invention, for use in the foregoing manner in conjunction 
with a front mold, and a gasket such as gasket 100a, will now be described. 



Back Mold 

50 

A back mold 140a of the present invention is shown in Figures 5A-7A. Back mold 140a is particularly 
useful where it is desired to maintain a series of molds, each with an outer annular flange of the same 
diameter, so that all uncut lenses case thereby will also have the same diameter. Back mold 140a might be 
used for example, when the uncut finished tens is to have a diameter of about 75 mm, the outer diameter 
55 of an annular flange is to be about 82 mm, and the lens prescription calls for a cylnder of 1.25 or higher. 
Annular flange 142a of back mold 140a, has diametrically opposed indents 144a therein, both the same as 
already described in connection with molds 120a, 126a in Figures 2A and 4A. However, molding surface 
146a which corresponds to the back surface of the lens to be formed, is composed of both cylindrical and 
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spherical elements, thus defining othogonal axes along the line 6-6 and 7-7, of least and greatest curvature, 
respectively. As seen in Figure 7A, molding surface 146a has end portions about the axis of least curvature 
which are coptenar with flange 142a. On the other hand, surface 146a also has end portions 154a about the 
axis of greatest curvature which extend past flange 142a. 

The foregoing mold is used in the same manner as molds 126a previously described. The advantage of 
the configuration of this mold 140a. is that it can have a high cylinder even though flange diameter 142a is 
maintained constant with other spherical molds, while still maintaining the same useful area of molding 
surface 146a as such spherical molds, while at the same time does not present any vertical surfaces, as 
viewed in Figures 6A and 7A, disposed inward of flange 142a Any such inwardly disposed vertical surfaces, 
could .allow resin to grip thereagainst during the shrinking which occurs in curing, thereby increasing the 
difficulty with which the mold can be separated from such cured resin. On the other hand, resin disposed 
between wall segments 156a and end portions 154a of molding surface 146a, will tend to shrink In the 
direction of the axis of mold 140a. and hence away from wail segments 156a. Since second surface 
portions 154a are convex, such shrinking resin will not firmly grip those surface portions. 

When a back mold of the foregoing dimensions (approximately 75 mm molding surface diameter and 
82 mm flange outside diameter) is required, and the cylinder is to be less than 155. a lenticular back mold 
1 60a shown In Figures 7AA, 7AB, 7AC. may be used. Mold 1 60a is of the same construction as mold 1 40a. 
except that end portions 154a of mold 140a, are replaced with flat sections 162a which are coptenar with 
flange 1 64a- The disadvantage of mold 1 60a Is that when a cylinder of about 1 55 or higher Is required, flat 
sections 162a Increase in surface area thereby reducing the useful optical surface area of a lens formed 
from a mold of the type of mold 1 60a. to a tow proportion of the overall surface area of the lens. 



Form Assembly Apparatus 



The form assembly apparatus of the present invention, generally designated 200a In Figure 1A, wilt now 
be described in detail with reference to Figures 8A-14A In particular. It wiH be understood that in such 
description, the use of terms such as Tower", -upper", etc are relative only, and are used in reference to 
the apparatus In the normal operating position. 

Form assembly apparatus 200a then, has a frame 204a and two rails 265 extending In a lengthwise 
direction of frame 204a. A carnage 266 Is sfldaWy mounted on rails 265, and is shown In solid Bnes In a 
home position In Figure 11 A. and in phantom Bnes m a forward position. Carriage 266 carries a first mold 
retainer 206a which is dimensioned to receive and releasaWy retain thereon, a first mold, which in this 
particular case Is a front mold. To accomplish this, carriage 206a has a generally concave surface 209a with 
two dametrtealry opposed pins 208a in an outer, upper periphery thereof. Phis 208a serve as a portion of 
an indexer, the remaJner and function of which Is described below. A resilient conduit In the form of an 
upwardly extending bellows 210a comniunicates at its lower end with an opening 214a In the lower end of 
surface 209a, and has an open upper end 212a. Opening 214a communicates with a conduit in carriage 
266, which in operation of the apparatus Is connected to a vacuum source (not shown). 

A form table 240a is also carried by carriage 266. Form table 240a Includes a form carrier 220a. in the 
form of an annular recess on table 240a Form carrier 220a is capable of hokfing an assembled form of the 
type previously described, specificatty by having the gasket thereof rest within toe annular recess. Carrier 
220a has an axis 221a. Form table 240a can be raised and lowered by a pneumatic cylinder 242a which 
acts as a reclprocatifig drive lor tab^ 

pivoteRy mounted on arms 225a of carriage 266. Pin 226a, and pin and slot convocation 228a, aflow tilt 
plate and hence, form table 240a, to be tilteble in a forward direction (that is generally to the right as shown 
in Figure 8A). To accomplish this tilting, a tilt actuator in the form of a pneumatic cylinder 244a Is mounted 
on carriage 266, with a connecting rod 246a of cylinder 266 being pivotaHy connected to a base 243a of 
cylinder 242a. When rod 246a Is pulled Inwardly by cylinder 244a, it pulls base 243a, thereby causing tilt 

plate 223a and form table 240a to tilt in the forward direction. 

Form table 240a further carries two guides 248a, which are spring loaded to normally extend as shown 
in Figure 8A, but can be urged to the left as viewed In that Figure, to a retracted position. Each guide 248a 
has two sloping shoulders 249a, which intersect the annular recess of form carrier 220a, when guides 248a 
are in the retracted position. An actuator bar 339 can be pushed by a pneumatic cylinder (not shown) to 
abut and push guides 248a to their retracted position when carriage 266 is in the forward position shown in 
broken fines In Figure 8A. 

A sweep arm 262 Is sfidaMy mounted on a guide 255, extending from a limiter block 258 In turn 
mounted on carriage 266. guide 255 having a spring 257 thereon adjacent block 258. Sweep arm 262 Is 
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also pivotally mounted upon guide 255 at pivot point 261 . and can be pivoted in a forward direction from the 
home position shown in Figure 8A. to a position forward thereof and over at least one portion of form carrier 
220a The foregoing arrangement is such that when arm 262 is pushed by a pneumatic cylinder 264, arm 
262 will first slide on guide 255 over table 240a until it reaches limtter block 258. At mat point arm 262. 

5 under further urging of cylinder 264. will pivot in a forward direction about pivot point 261 . 

A gasket holder 272. having an axis 278. is mounted on frame 204a by way of a head plate 280 and 
two reciprocal guides 282 (only one of which is shown in Figure 8A). A cylinder (not shown) is also 
connected to head plate 280 in a manner similar to guides 282 in order to act as a reciprocating drive which 
can reciprocate gasket holder 272 with respect to first mold retainer 206a, when axes 207a and 278 are 

10 aligned as shown in the solid line positions in Figure Qf\, f\3 Iwtf tfWW h R^ffW 8ft W) Wft| ^RMl 
holder 272 is dimensioned with a torodial annular space 274 and diametrically opposed slots 276, such that 
a gasket of the type previously described, can be snugly friction •fitted within gasket bolder 272. An air inlet 
281 communicates through a conduit (not shown) which extends to a position adjacent the uppermost part 
of torodial space 274, so that air may enter space 274 form inlet 281 for purposes which will later become 

15 apparent 

A second mold retainer 286 is dsposed on frame 204a In a forward direction of gasket holder 272, and 
is attached to frame 204a through plate 302 and two reciprocal guides 315 (only one of which can be seen 
in Figure 8A). Further, a pneumatic cylinder (not shown) has its housing end attached to frame 204a, and its 
piston end attached to plate 302, so as to act as a reciprocating drive which can reciprocate second moW 

20 retainer with respect to first mold retainer 206a, when an axis 288 of second moid retainer 288 is aligned 
with axis 21 2a of first mold retainer 206a. and can reciprocate second mold retainer 286 with respect to 
form carrier 220a when axes 288 and 221a are aligned. Second mold retainer 288 is similar in construction 
to first mold retainer 206a except that second mold retainer 286 Is positioned with a downwardly facing flat 
surface 290. and has a njbberbeltows 294 wrto 210aof first nx)W r^ainer 206a. and 

25 extends to a position downwardly beyond surface 290. Bellows 294 has an open tower end at 296. and an 
upper end 298 communicating with an opening (not shown) In an uppermost portion of surface 290. That 
opening, in a similar manner as opening 214a, communicates with a suitable conduit to which a vacuum can 
be applied to bellows 292. Second moid retainer 286. also has tow rfametrfcally opposed pins 292. similar 
to pins 308. 

so A collar 303 is sfidabiy mounted on second mold retainer 286, for limited travel thereon, between an 
upper position in which an upper end 303a abuts plate 302. and a lower position to which a tower end 303b 
extends below surface 290. A spring (not shown) urges collar 303 to the lower position. 

A rotatable shaft 304 is rotatabte in fixed irtcrernents by stepper motor 312 acting through plastic chain 
314 and sprocket 305 to rotate the second moid retainer 286 in fixed increments. Immediately disposed 

35 below sprocket 305 to rotate therewith, is a circular positioning plate 306 having a hole 208a therein. A 
sensor 310. typically consisting of a Bght emitting diode and photocell, has a slot through which plate 306 
can pass such that sensor 310 can determine the position of hole 308, so that the relative rotational angle of 
second mold retainer 286 with respect to first mold retainer 206a can be determined using sensor 301 and 
stepper motor 312, both controtted by appropriate means such as a computer. Thus, pins 208a and 292 of 

40 first and second mold retainer 206a. 286. respectively, to conjunction with stopper moto r 312 and 
associated chain and sprocket drive, and plate 306 and sensor 310. can act as an indexer which can 
estabish an initial relative relational angle molds retained by respective moid retainers, and arjust the 
relative rotational angle to any preselected value required by a prescription. 

The apparatus ateo feckides a form filler with a vacuum injector 320. having a vacuum injector nipple 

46 324 and a solenoid valve therein (not shown) which Is activated electrically to turn a vacuum to nipple 324. 
or off. Tne form filter has a resin injection table 326. which in turn has a carousel 328 rotatabty mounted 
upon frame 204a to be rotated In fixed increments by a stepper motor 335. An optical sensor 329 is used to 
ascertain the rotational position of carousel 328 in a similar manner as plate 306 and sensor 31 0 is used to 
ascertain the relative rotational angle of second moW retainer 286. Sbt resin dispensers 330 are mounted In 

so carousel 328 (only one of which is shown in Figure 8A for simplicity), each of which has a resin injection 
nipple 332 and an electrical solenoid valve disposed within it to turn a fkm of resin through resin dispenser, 
and hence nipple 332. on or off. Vacuum injector 320 and carousel 320 (and hence all of the resin 
dispensers 330) are tilted in the forward cfirection of the form assembly apparatus, at an angle to the 
horizontal of about ten degrees. Resin dspensers 330 and vacuum injector 320 are spaced such that the 

55 respective nipples of an injector at a position 331 of the carousel 32a and the vacuum injector 324, are 
diametrically opposed about an axis of form table 240a when tilted. As a result nipples 322 and 324 can 
mate with resin Injection and vacuum injection ports in an assembled form of a type already described, 
when such form Is seated on form table 240a and raised by solenoid 242a while simultaneously being tilted 
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by rod 246a. 

Operation of the foregoing form assembly apparatus, will now be described. Such operation is 
illustrated sequentially in Figures 9 A to 15A. First, carriage 286 If not already in the home position as shown 
in solid lines in Figure 8A, Is slid thereto by means of Its piston drive (not shown). Then the operator places 
a selected gasket, such as gasket 100a, into gasket holder 272, such that the gasket Is frictionalry retained 
in torodial space 274 and recesses 276 by friction, with its resin and vacuum injection ports 116a. 120a 
facing upwardly. A front mold such as mold 120a, is then seated on first mold retainer 206a such that its 
concave, casting surface 124a Is facing upward, with pins 208a of first mold retainer 206a extending through 
indents 123a of the first mold 120a. Since pins 208a are fixed with respect to axis 207a and indents 123a 
have been previously established on mold 120a at a preselected location (for example, a non axially 
symmetric mold such as one with a bifocal element may have indents 123a along a line parallel with such 
bifocal element), pins 208a thereby establish a reference position of front mold 120a with respect to which 
the rotational angle of a back mold, such as mold 140a may be established. When the front mold 120a is 
seated upon first mold retainer 206a, upper end 21 2a of bellows 210a will abut Its convex surface, such that 
when a vacuum is applied to the interior of bellows 212a through opening 214a. mold 120a will be urged 
downwardly. Thus mold 120a will be firmly, and releasabty retained upon first mold retainer 206a hi a 
manner shown In Figure 9 A. 

At this time also, an operator would normally seat a back mold, such as back mold 140a of Hgures 5A- 
7A, on second mold retainer 286, with its convex casting surface 146a being oriented downward and with 
indents 120a being engaged upon pins 292. In such operation a vacuum would be supplied to bellows 294 
through opening 298. to retain back mold 140a in a seated position against second mold retainer 286, In a 
similar manner as front mold 120a is retained seated on first mold retainer 206a. Bellows 296 may initially 
offer resistance to seating back mold 140a on second mold retainer 286. However, as the vacuum increases 
therethrough (typically within about one second) it will draw mold 140a onto mold retainer 286. from the 
position shown In broken-lines in Figure 11 A, toJhe position shown in solid lines therein. 

Pins 208a and 282 of the mdexer. by virtue of the propositioned Indents 123a and 129a in each mold, 
automatically establish an initial relative rotational angle of the molds with respect to one another when the 
molds are seated upon their respective mow retainers. Other components of the indexer. namely stopper 
motor 31 2, chain 314, sprocket 305. shaft 304 and position plate 306 and sensor 310. can rotate back mold 
126a with respect to front mold 120a to adjust the relative rotational angle of the molds to a preselected 
value, which value Is In turn determined by the particular lens prescription. Preferably, the foregoing 
operation Is under control of a computer, such as computer 2a shown in Figure 1A, which known both the 
particular molds selected to prepare a lens of the desired prescription, and the initial relative rotational angle 
of back mold 126a with respect to front mold 120a (since It knows the rotational positioning of second mold 
retainer 286 by virtue sensor 310 having previously determined the position of hold 308 on position plate 
306). Of course. If either one of the front or back molds called for by the prescription is symmetric about Its 
axis, then no rotation of back mold 140a by second mold retainer 286 will be required. 

Prior to actual operation of assembly apparatus 200a, part of the lens prescription will call for either a 
dear tens, or perhaps a lens tinted with a particular color. To accomodate this resin type requirement of the 
prescription, carousel 328 will be rotated by stepper motor 335 if required, in order to position the resin 
dispenser 330 connected to the appropriate resin supply, to position of the one resm dispenser 330 shown 
inHp^8A.Attriterjoirtt.form 

Hrst cylinder 284 is activated to move gasket holder 272 downward toward first mold retainer 206a, 
such that front mold 120a retained on the latter* wBI be inserted through open end 102a of gasket 100a and 
into its seated position, as shown in Figures 9A and 10. The resulting subassembly b retained upon first 
mold retainer 206a. with front mold 120a simply remaining seated upon first mold retainer 206a. and a tower 
portion of gasket 100a being accommodated within an annular recess 216a. At this point the vacuum 
remains applied through bellows 210a. Cylinder 284 then moves gasket holder 272 upward. Air may enter 
through inlet 281, to insure that gasket 100a does not remain seated within holder 272 at such time. 
Carriage 266 Is then moved by its driving piston In a forward direction to a forward position as shown to 
phantom Knee In Figure 8A. In such position, axes 207a and 288 win be aligned. Second mold retainer 286 
Is then moved In a downward direction by Its associated cylinders, to insert a back mold 1 26a through open 
end 104a of gasket 100a and Into its seated position therein in a manner shown in Figures 11A and 12A. 
While this is occurring, tower end 303b of collar 303 will abut the gasket causing slide 303 to be moved 
toward its retracted position In relation to second mold retainer 286 (since slide 303 to stopped In its travel 
by the gasket while retainer 286 continues to move downward). At this point vacuum through bellows 21 0a 
is turned off such that when cylinder 316 lifts mold retainer 286 upward. It will retain the entire assembled 
form thereon by means of the vacuum through open end 296 of bellows 294 against back mold 140a, as 
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shown in Figure 13A. 

Carriage 268 is then driven by Its associated pneumatic drive cylinder back to its home position such 
that axis 221a of form carrier 220a Is again aligned with axis 288. Cylinder 316 is again activated to move 
second mold retainer 286 downward to its lower mold position as shown in Figure 12A. At this point also 
5 the vacuum in rubber bellows 294 is turned off and the form is thereby deposited upon form carrier 220a. 
Slide 303, by virtue of its associated spring urging it downward from the retracted position, and by it 
abutting gasket 100a, ensures that the subassembly Is separated from second mold retainer 286. Carriage 
266 is once again moved by its drive cylinder to its forward position shown in broken lines In Figure 8A. At 
this point a signal generated by a sensor 336 determining the presence of carriage 266 In Hs forward 
w position, is used to activate tilt actuator cylinder 244a such that rod 246a pulls base 246a of solenoid 242a 
Referring In particular to Figure 14A, this causes plate 223a to pivot about pin 226a and thereby tiK in the 
forward direction at an angle of about 10 degrees to horizontal, as already described. Then, pneumatic 
solenoid 242a is activated to raise from table 240a into an upper position such that resin injection port 116a 
of gasket 100a becomes sealingty engaged upon nipple 332 (l.e.. •mates" therewith), while a vacuum 
15 Injection nipple 324 is also engaged within vacuum injection port 120a but not sealingty engaged therein. 
The foregoing engagement Is best shown in Figure 15 A. The presence of wide port portions 112b and 118b 
of conduits 112a and 118a respectively, help to allow their respective Injector to become engaged therein, 
with tapered portions 112d, H8d further acting to guide respective needles into position. A microswttch 
sensor (not shown) Indicates gasket 1 00a of the form Is In place and properly positioned for fining. 
20 Electrically controlled solenoids within resin dispenser 330 and vacuum Injector 320 are then activated 
such that resin is Injected Into the lens forming cavity 130a of the form, while air is simultaneously 
withdrawn therefrom. Vacuum Injector 1 30a will also draw air from outside gasket 100a. The fact that at this 
point outlet 119a will be disposed at a position higher than inlet 114a aids in removal of air from cavity 
139a, and hence akmg with the application of vacuum to port 120a, reduces the possibility of air bubbles in 
26 the cast tens, which could make such-leos-usetess- - — 

When cavity 1 39a Is completely-fined with resin and resin begins to enter vacuum injection nipple 324. 
as shown in Figure 16 A. a vacuum sensor disposed within injector 320 will produce an Increase of vacuum 
signal, which is used to shut off the solenoids within injectors 320 and 330. Following this, pneumatic 
solenoid 242a is again activated to lower table 240a, and rod 246a extended by cylinder 244a to bring tilt 
30 plate 223a to Its horizontal position. 

Referring in particular now to Figure 16A-18A. bar 339 Is then moved by a pneumatic cytinder (not 
shown) to push guides 248a to their retracted positions such that bevelled shoulders 249a win partially Oft 
gasket 100a of the assembled form from annular form carrier 220a, and completely guide gasket 100a out 
of carrier 220a when the form is pushed in the forward direction. The filled form is then swept from form 
35 carrier 220a across guides 248a and onto an accumulator 338, by means of sweeper arm 262 moving 
forwardry and then pivoting under the appicatjon of force from cylinder 264 in a manner already described, 
and shown in broken fines in Figure 18A. Cylinder 264 then returns sweeper arm 282 to its home position 
as shown In sofid tines hi Figure 8A At this point the filled, assembled form can then be removed from 
accumulator 338 for placement in one of ovens 500, as previously described in connection with the 
40 operation of the lens forming workstation of Figure 1 A. 

It witi be seen that the entire operation of form assembly apparatus Is readtty automated, and In this 
regard is preferably controlled by a computer which senses the position of various elements of the 
apptwph'? by means of fimft switches or sensors such as sensor 336. sensor 310. and other sensors and 
Bmit switches (hot shown) which insure that the letfrxocating drives lor gasket hokter 262. second mold 
45 retainer 286 and carriage 266 do not attempt to move those elements beyond their required positions, and 
inform the computer when those elements are in their various position. 

Thus, as described above a gasked is provided by the present invention, which when assembled with a 
pair of molds produces a spectacle lens form which automatically compensates for shrinkage of resin 
therein during curing, without the need for any external means such as spring clips, to urge the molds 
so toward one another- Further, as shown, such gasket readily lends Itself to automated assembly with the 
molds as well as convenient and complete filling of the resulting form, with a relatively effective removal of 
af r therefrom during tiffing. A particular type of back mold has also been disclosed for use In a situation 
where a spectacle lens prescription calls for a high cylinder, and it Is desired not to unduly reduce the 
useful optical surface area of the cast uncut lens, while at the same time maintaining a relatively tow 
ss possibility that shrinking resin In the assembled form, will grip such a mold and make It Impossible to 
properly detach ft from the cast cured tens. An apparatus has also been disclosed for assembting such a 
gasket with a pair of molds, while allowing for automatic adjustment of the relative rotational angle of the 
molds with respect to one another, and providing automated filling of the form in a clean, efficient and 
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accurate manner with minimal operator intervention except to seat the gasket and molds thereon, and 
remove the filled form therefrom. 



s Spin Coater 



Referring particularly to FIGS. 2B-5B, spin coater 2a consists of a housing 4a having front and rear 
chambers 6a. 20a. respectively, separated by wall 9a Front chambers 6a has two opposed sides 7a and 
two hlngely mounted doors 8a (one of which is shown in an open position in broken lines in FIG. 2B), each 
w of which Is made of a transparent plastic which has been darkened to reduce light transmission thereth- 
rough, such that chamber 6a is only visible therethrough when it is strongly illuminated. A plate 12a, having 
four circular openings 14a therein, .defines another wall of front chamber 6a. Two infrared fight fixtures 9a 
are capable of receiving respective infrared bulbs 10a therein, such that bulbs 10a face in a direction toward 
plate 12a. Fixtures 9a are adapted to receive bulbs 10a which are of a well known threaded base infrared 
is floodlight variety. ^ 

Housing 6a further has a rear chamber 20a in which is disposed a metallic reflector 21a with a tower 
position 24a and a plurality of openings 23a disposed at an upper end thereof. An actinic fight fixture, 
comprised of mounting sockets 26a, is disposd in rear chamber 20a, and more specifically within an upper 
end of reflector 21a Sockets 26a are dimensioned to receive an actinic Bght 28a which Is preferably a 
20 medium pressure mercury vapor light Opposed ends of reflector 21a each carry three slots. 30a. 32a and 
34a which act as guides for a shutter 36. 

Specifically, shutter 36a consists of two rectangular sheets 38a, 40a which are hingedly mounted about 
a hinge 42a extending In a sideways direction of housing 4a, Shutter 36a is movable .between a closed 
position, best seen In FIG. 4B, and an open position, best seen in FIG. 5B. by virtue of guides 44a 
26 extending from hinge 42a, guides 46a extending from an end of sheet 38a. and guides 48a extending from 
sheet 40a, sliding within respective slots 34a. 30a. and 32a. Shutter 36a is moved between the open and 
ctosed positions by means of a shutter trigger, consiting of an arm 52a which Is an extension of guide 48a. 
and resilient spring 4«54 connected therefrom to a rear position 6laof a sliding drawer 60a. It will be seen 
from FIGS. 4B and 5B that when shutter 36a is in the open position, sheets 38a, 40a are spaced apart at an 
so -interior angle- (that is the smallest angle between the two sheets 38a, 40a) which is less than the interior 
angle when they are in the open position shown to TO. 4B. Thus, m the open posft^ 
38a, 40a are spaced apart at an Interior angle greater than when shutter 36a (and hence each of sheets 
38a, 40a) is in its closed position. _ Mn 

An alternative arrangement for the trigger, would be such that each of sheets 38a, 40a could be 

35 Individually controlled thereby for rnovemerrt to their open and ctosed positions. 

Drawer 60a is slidably mounted on two rails 58a. which are In turn mounted within a tower end of 
housing 4a This permits drawer 60a to siide between a front position best shown m FIGS. 2B and 48, and 
a rear position best shown in FIGS. 3B and 5B. TWs movement is accomplished by a pneumatic cylinder 
(not shown), controlled by an external control switch. _ #j . . 

40 Drawer 60a carries four spin coater elements 62a each having a spin coater chuck 63a (descnbed in 
more detail betow). rotateWy mounted on drawer 60a by means of a hollow shaft 80a. Chucks 63a are 
positioned on drawer 60a such mat they are in aSgrwnent with respective openings 14a in plate 12a and 
thus can be illuminated by infrared lights 10a when drawer 60a is in the front position, and can be 
IBuminated by actmfc 
* 36a Is operi. Urtder the alternate 

control of sheets 38a. 40a would allow timed exposure of the rearwardmost two of chucks 63a to actinic 
light 28a. to be different from that for the two forwardrnost of chucks 63a This could be particularly 
advantageous where, as described in the Example betow, the exposure time of back molds is greater than 
that required for the front molds, 
so tt will be seen particularly from FIGS. 48 and SB. that the movement of drawer 60a on rails 58a, opens 
and closes shutter 36a. In particular, arm 52a and spring 54a are selected such that drawer 60a willopen 
shutter 36a relatively rapidly fi^.. win tend to "snap- It open) as drawer 60a passes through a position 
adjacent to Its rear position while being slid rearwardly. Such an adjacent or -trigger- position would be 
located at a point approximately when drawer 60a is twc-thiro^wjmin^ housing 20a. Likewise, drawer 
65 60a will tend to snap shutter 36a ctosed as ft slides forwardty tSoup-such trigger position. It should be 
noted that drawer 60a is rxeferaWy sfid on raite 58a between tf^ 

pneumatic motor (not shown) disposed within housing 4. . „ „~m~»i 

Returning to the construction each of chucks 63a. ft wiU be seen 
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body 64a with an open first end 66a, a second end 68a, and a generally cylindrical inside surface 67a 
extending between the ends. Finger grip recesses 65a are provided at upper end 66a, while lower end 68a 
of body 63a is provided with a vacuum opening 68a aligned with the axis of body 63a, and which is 
threaded to receive a matingly threaded, hollow shaft 80a. A mold seat Is disposed adjacent open upper 

s end 70a, the mold seat being defined by an annular ledge 70a, and an outwardly adjacent annular lip 72a, 
both of which extend about a mold seat axis which is coaxial with the axis of cylindrical body 64a and is 
coaxial with the rotational axis of the chuck 63a when rotated by shaft 80a It will be noted that tip 72a 
projects in a first axial direction, or upward as viewed in the drawings. Likewise, a bellows 74a. which Is 
resilient in its lengthwise direction, extends in the first axial direction toward an open first end 76a of bellows 

io 74a. A second end 75a of bellows 74a is sealingfy engaged with second end 68a of chuck body 64a. 
Bellows 74a will act as a vacuum conduit which is resilient in its lengthwise direction. In addition, the Interior 
of bellows 74a communicates with the interior of hollow shaft 80a through vacuum opening 60. 

Again, as previously mentioned, each chuck 63a is mounted for rotation by shaft 80a which, in 
operation of the spin coater, would communicate by means of an appropriate conduit with an external 

is vacuum pump (not shown). Shafts 80a are rotatabte by respective pneumatic motors 84a, interconnected by 
means of a drive belt 86a which also rotates a shaft of sensor 88a to measure the speed of rotation of 
motors 84a, and provide a speed Indicating signal to a control apparatus which can control the amount of 
air delivered to motors 84a. 

A tan 110a is mounted in housing 4a to draw air Into housing 4a in the direction of arrow 111a. and 

20 circulate it therethrough in the direction of arrows, 111a, 112a, 113a, 114a. 116a and 117a (as best seen in 
Figures 3B, 6B and 7B), and hence through a filter (not shown) in the rearwardmost wall of housing 4. 



Operation of Spin Coater 

26 

First. oVawer 60a is sSd by its associated pneumatic cylinder (not shown) on rails 58a to ite front 
position. If not already In such position. Fan 110a is turned on to circulate air In the manner already 
described. The four molds which have been selected for the particular spectacle prescription (two front 
molds and two back molds) are seated on respective chucks 63a. Preferably two of chucks 63a closest to 
ao rear chamber 20a are used for the back molds, and the other two chucks 63a are used for the front molds, 
in order to minimize subsequent incorrect matching of the molds. Likewise, the left two chucks 63a as 
viewed from doors 8a of front chamber 6a. would be used for the front and back molds of the left lens, and 
the right two chucks 63a used for the front and back molds of the right lens of the spectacle prescription. 
Each mold is seated on its corresponding chuck 63a in a manner similar to that disclosed in FIGS. 6B- 
35 8B, which particularly shows seating of a back mold 100a. Back mold 100a is simply placed onto ledge 70a 
of the mold seat with Bp 72a thereof accomplishing automatic centering of back mold 100a on the mold 
seat Thus, m the spin coater of the drawing, back mold 100a is automatically centered on the axis about 
which chuck 63a will be rotated by shaft 80a. Due to the resilient nature of bellows 74a. the operator may 
find some resistance m pushing mold 100a all the way down onto ledge 70a. However, this will be 
40 unnecessary since simultaneously with the operator positioning mold 100a above the mold seat and in 
contact with first open end 76a of bellow 74a, an external valve (not shown) is also activated by the 
operator, preferably by means of foot switch activated by the operator/and the signal therefrom being 
drected by an appropriately programmed computer; to cause a vacuum through hollow shaft 80a and 
bellows 74a. As open end 76a of bellow 74a will seafingty engage against mold 100a, the vacuum within 
4s bellows 74a will Increase tenting to clamp bellows 74a against mold 100a. and at the same time pull mold 
100a down to a position where it is urged firmly against ledge 70a and retained there. It will be noted that in 
the case of the front molds, the molding surface will be on the concave side thereof, so that the front molds 
will be placed with their convex side facing downward. The axial resiliency of bellows 74a can accom- 
modate the then downwardly extending (as viewed in the drawings) convex face of tte frorrT mold- 
so A small amount of a pofymerizable coating composition (typically an abrasion resistant coating 
composition), which Is to form a coating on a finished lens, is sprayed on a central area of the molding 
surface of each mold. Examples of abrasion resistant porymerizabte coating compositions are provided 
below, however use of the spin coater of the present Invention is not restricted to such compositions. 
Further. U.S. Patents No. ajBTB^ITOJoJlsWma.'Na 4,287,227 to Kamada et al.. and No. 3.265.763 to 
55 Detchert and U^Paterrt-W-^306^4 Wendling, summarize many well known abrasion resistant 
^^^compounds cj^tfpewhich might be used In the practice of the present novel method. 

— yOrWpoint, chuck 63a will then be spun at a high rotational rate, typically about 750 revolutions per 
minute Crpm"), while infrared Bght fixtures 8a. and hence infrared bulbs 10a, are energized typically for 
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about one minute. When Infrared lights are each 250 watte, this win be sufficient lime to remove most of the 
coatina composition solvent by evaporation. . 

Drawer 60a is then slid to its rear position by means of the pneumatic piston (not shown), again 
preferably automatically by means of a control such as a computer control, which ^-^^^ 
s «me for spin coating has elapsed. As drawer 60a moves rearwardly past the * 
snapped relatively quickly from Its closed position in FIG. 4B to Hs open posbon in FIG. 5B Th.s 
foment allows medium pressure mercury vapor light 28a disposed in actinic light f*tum sc^ete 26a. 
to remain on constantly and thereby avoid a warm-up period each time drawer 60a is movedintoto rear 
position, while allowing for a relatively precise timing of the exposure of the coated rnokte to actinta Bght 
, 0 from Bght 28a. When sufficient time as elapsed, usually about 4-10 seconds, drawer 60a Is then sfid in a 
Inward direction to Its front position, and while passing through the trigger position will snap shutter 36a 

relatively quickly into Hs closed position. lt . . 

VVhen drawer 60a Is again in its front position, the molds with their partaHy r*lymenz*d coaflng 
thereoTcan be removed frTtheir respective spin coater chucks 63a a^ inse^d .nto a^112a,n a 
« mam«r shown in FIG. 9B. to produce an assembled farm as shown in HQ. 10B. Assembly* the form is 
Z?My described in copending U.S. Patent appScatton entitled "Lens Forming Apparatus"«ipra. A 
S iSa 7L> filled XSn which is then cured, again as described in theforegoing W^and 
fZ.tinJ.ens 130a shown tn FIG. 12B. separated from the remainder of the Jc^. Smc^co^r^^ 
LTng^irtaces 102a. 116a of respective molds 100a, 114a. were f^^^^J^ 
light 28a. they tend to become partially absorbed on the curing res.n in cevrty 12rja^a*l cross^r*ed w* 
the resin This fact additionally insures that the partially polymerized coatings on molding surfaces 102a. 
^bTwIH tend to adhere better to the cured tens ^ * ™ g^^Z^ 
facilitate ready separation of the cured tens and Hs coatings thereon from molds i 100a. 1 ^ Ho " e ^ rt 
^ tou^loodthat the coatings on molding surfaces 102a. 116a should only be cured to an extent 
whi* wIlTanoTthe foregoing partial absorption into the tens forming resin, and thus permrt such ready 

separation from the molding surfaces 102a, 116a. . . 

^Tresurtlng leTl30a then, as shown in FIG. 11B has a tens b«ty 132a of the cur* Me-r* .»* 
a front coating 134a and back coating 136a. Where desired, the two ^Jf^^^T 
rosrjectrve spin <»aters 63a to a rr^ shown m 

Sto^ace. Thus.asahowntoFia9aier«130awmbe«roedinthe dfroctkx, of arrows 1 3^S^ethe 
te^«S by riK^ win have a olarr^ less t^ 
wTr^HTontberr^ 

seating the coated lenses on spin coater 63a at this stage does not require spinning of 
Sad simply act as holders fc, ler^ 130a while clrawer 60a is sfid to ^ f»srion. to ^ 
tensWlSOa to actinic Ught from light 28a and thereby further polymerize and harden coatings 134aJ36a. 
•"TnScSSchSJuse sSch spin coater (but which need ^J^^^L^Twin 
spectacle ler* w* frortt and back coatings with desireabte properbes. and the resulting spectacle lens, will 
now be described. 
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Method of Making Coated Spectacle Lenses 
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As described to *e "Surnrr^ of the 
a spe^ ter^ preferably the front surface 
rwavitfr^ second surface 

teaS psi. while the back surface preferably has an abrasion resistance of at toast t Z 

bTnotedr^tyr^llycr^^ 

^^^SobL.. areVcaliy tintable. whereas those vvith a higher abrasion resistance typ.ca.ry are 
"'"'in the following example, the front and back surfaces of the resultant coated tens have the following 

and associated apparatus described below, and non-tintabte- 

B^SSce^abrSon resistance of approximately 10 psi. measured as above (standard Ally) Chglycol 
carbonate lenses show approximately 5 psi abrasion resistance). , - - „. 

T^ZmT- 7C>^% transmission within 5 minutes at 200 F. and 63^7% transmisaon within 20 
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minutes at 200 F, using BR GRAY (available from Brain Power Incorporated, Miami, Florida, U.SA - which 
is an aquaeous solution of a mixture of azo anthraquinone dyes of approximately 5% (by weight) + 0.2% of 
a non-ionic surfactant 



5 

Example 1 

Front coating is prepared by adding the following materials in order 
(sealed and stored at -5 F until used). 

10 



63.10 


gram methy ethyl ketone (reagent grade). 


1.40 


gram ZZ - dimethoxyl -1 2 Kflphenytethanone (MWT 256.3). 


30.80 


gram dipentaerythrttol pentaacrylate (MWT 525). 


4.20 


gram ethoxytated trtmetrrytolpropane (MWT 428) 


0.50 


gram FO430 (a trademark of 3M Company, St Paul, 




Minnesota, U.SA.) surfactant (non-ionic fluorinated alky! 




esters) 


100.00 


grams total 



so 

Back coating is prepared by adding the following materials in order: 
(sealed and stored at -5 F until used.) 



9331 


gram methy ethyl ketone (reagent grade) 


0.40 


gram 2£ * dlmethoxy -1 2 - dqphenytethanone (MWT 256.3) 


2.00 


gram dipentaerythritol pentaacrylate (MWT 525) 


0.50 


gram polyethylene glycol dimethacrylate (MWT 300) 


2J50 


gram hydroxypropyt methacrylate (MWT 144) 


0.79 


gram FO430 surfactant 


100.00 


grams total 



35 PROCEDURE 

1.1 Clean front molds are spin coated with the above front coating mix (mix allowed to warm to room 
temperature before application), at 750 RPM. 

1.2 Solvent is evaporated with a 250 watt infrared bulb at a distance of 12 inches for 1 minute, while 
40 being spun at 750 RPM. 

1.3 The coated front mold is rotated at approximately 38 RPM while exposing to ultraviolet U.V. light 
(1LV.") using a mecfium pressure mercury vapor fight for 4 seconds at 19.6 mPRwatts per square 
centimeter measured at 360 narwmeter wave length. 

1.4 Tne back moid is coated with the back coating (aBowed to warm to room temperature) and 
45 solvent evaporated as per 3.1-2 above, and exposed to U.V. as per 1.3 for 10 seconds. 

1.5 The mold halves are assembled Into a clear polyvinyl chloride gasket having a shore "A" 
hardness of 75. 

1.6 The mold assembly is then filled through fill ports In the gasket with the coating resin, a mixture 
of attyi cfigfycol carbonate. 3% Isoperoxy perovbortate (IPP) with shrink reduction adrJtives. 

60 1*7 The filled assembly is cured in a horizontal flow forced air oven for 15 hours. Temperature starts 

at 105 F and ramps to 145 F. 

1.8 After 15 hours the mold assemblies are cooled to 125 F. then demolded. 

1.9 Tne resultant tons are wiped clean with acetone and soft tissue, then placed back in oven for post 
cure for 30 minutes at 200 F. 

55 1.10 The post cured lenses are then exposed to the U.V4 60 seconds for front surface adn 20 

seconds for bajdc-sorftice. ~ - a 

, ^Abrasion tests are performed on the front surface by the method described below. 
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to 



f5 



1.12 Abrasion resistance of the back coating was estimated by coating a front surface with back 
coating and performing the abrasion test. RESULTS: 10 PS1 

1.13 Tinting test 
Standard water soluble 
BPI gray dye at 200 F, 

5 minutes - 70-80% transmission to visible light and 
20 minutes - 63-67% transmission to visible light 

1.14 Adhesion Test 

A razor blade was used to cross cut 1/16- squares on a 1/2- x 1/2" total area, then the cross hatched area 
was pressed with adhesive tape and was then peeled off. The tens sample is then placed in a tint bath for 5 
minutes. Adhesion loss Is observed on front or back lens as tinted areas. This test is equivalent to ASTM 
Adhesion Tape Test No. D 3359-83. Method B. The coatings met standard 48 of the foregoing test that is 
with virtually no loss of adhesion. 

Abrasion Resistance Test Method 

The apparatus for measuring abrasion resistance is shown schematically in FIG. 13B, and does not 
constitute a part of the present invention. This apparatus includes a cam 2a which is driven by a motor (not 

so shown) so as to reciprocate a sample support 6a about a pivot point 8a in the direction of arrows 12a. A 
sample 10a. in the form of a coated lens, would be placed upon sample support 6a in the manner shown In 
FIQ 12B. A steel wool pad 14a is arranged to contact the reciprocating sample 10a on sample support 6a, 
and be pressed thereagainst by means of a load (i*., weight) 20a acting through load transfer rod 18a. and 
maintained in positioned by load transfer guide 16a. Load transfer rod 1 8a has a lower end with 

as approximately 0.5 inch diameter, such that the area of applied pressure to a sample is approximately 0.106 

square Inch. f , 

The foregoing apparatus is set up for measuring abrasion resistance as follows: . 
2.1 The sample support is adjusted to move the sample on the convex plane by proper radius 
selection at the pivot point for the sample support For example, a 6.00 Diopter ("D") surface d in FIG. 13B 
30 will be: 

539 raflivg m s ^ 

d » (6.00) x (25,4/inch) « 3.47 inch radius 
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Preferably a 4 to 6 D lens is used for the test and this should remain constant to reduce error In making 
comparisons between tests. . . . 

The stroke Is set for 1 .00 inch by the eccentric cam position. The stroke speed of about one stroke per 
second is controlled by selection of motor speed. One stroke is 2 passes across the surface. 

23 The steel wool abrading pad Is fine grade (WOO) 3x4 Inch, with a compressed tWckries^ ofOiffi 
inches. The steel wool is wrapped around the end of the toad transfer rod. the steel wool strands 
peroendculartotliealrecfto _ M t . 

2.4 The tons sample Is positioned on the sample support with two sided tape, the front sample 
surface is wiped clean wfth an acetone and a soft tissue wipe. 

23 The load transfer rod. with weights are aiowed to rest freely on trie lore 

2Z The motor is turned on and 25 strokes are coiinled by a 
cam. The motor stops automatically at the end of 25 strokes. 

2.7 The toad Is lifted away, the lens sample removed, wiped clean with acetone/soft tissue, then 
visually inspected. 

ZB The visual inspection of the tens sample Is performed with the unaided eye, viewing through the 
back surface, held 8-12 Inches from the eye. viewing toward a ceiling mounted fluorescent Bgrtt The 
number of visible continuous 1/4 inch, or longer scratches. wHttn the center r^ 
are counted. 

23 A sample having 6 or more scratches constitutes failure to exhibit abrasion resistance at a pa 
value which it corresponds to the weight of toad 20a. Uss than 5 scratches is said to exhibit abrasion 
resistance at such psi value. 

It will be seen then, that the present Invention provides both a spin coater which can conveniently spin 
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coat spectacle tens molds to provide a means for coaling a formed spectacle lens, and further provides a 
novel vacuum chuck for automatically centering the mold in a chuck seat and retaining it in position thereon 
by means of an axially resilient vacuum conduit In addition, as has also been disclosed, the present 
invention provides a method for producing a coated spectacle lens with one surface which is highly 

5 abrasion resistent and another surface which is not so abrasion resistant but has fairly significant abrasion 
resistance, and which other surface remains tintabte whereas the more abrasion resistant surface is not 
Further, both coatings are partially absorbed onto the lens forming material itself, and therefore adhere 
firmly thereto, by virtue of the fact that the coatings were only partially polymerized when positioned in a 
form and contacted with the uncured lens forming resin. In addition, the present Invention also provides a 

10 lens which can be produced by the foregoing method. 

rt will be appreciated that various modifications and alterations can be made to the substance of the 
above described inventions, without departing from the spirit or scope thereof. Accordingly, the present 
invnetion is not limited to the above described embodiments, but should be determined with reference to 
the following claims. 

is 

Claims 

1. An apparatus for casting a finished spectacle tens of a specified ophthalmic tens prescription, 
20 including 

means for storing a plurality of mold elements to enable said apparatus to fill a variety of different 
ophthalmic tens prescriptions, including means for advancing identified mold elements to a mold delivery 
station, 

means for storing a plurality of gaskets to enable said apparatus to fill different tens prescriptions, each 
as gasket being adapted to hold in a predetermined spaced apart relationship a pair of mold elements Inserted 
into a selected gasket 

means for Inserting an identified pair of mold elements Into a selected gasket to form an assembly of 
gasket and mold etements, 

alignment means for holding said selected gasket in a reference position and for orienting the selected 
so mold etements with respect to each other in said selected gasket and 

means for filling the assembly of said selected gasket and said Identified mold etements with a liquid 
polymeric material that fills the space between said mold etements and hardens on curing to form the 
finished spectacle lens having said specified ophthalmic tens prescription. 

2. The apparatus of claim 1 wherein the gasket or mold has thereon a machine readable Identification 
as number. 

a The apparatus of claim 1 iretuc3ng oven means into which said assembly with the polymeric material 
therein is placed for a predetermined time period, said oven means inducing heat control means for varying 
the temperature within said oven in accordance with a predetermined program. 

4. The apparatus of claim 1 Including a station where the Identified mold elements are coated with a 
40 release agent prior to said kterrtif^ 

5l An apparatus for casting a finished specter 
means for storing a plurality of mold etements. each moid element bearing a machine readable marking 
tftereon kJentifywig arid dfe 

* said mold storing means having indrvkfuat movable mold container s for each mold element which are 
45 advanced to or withdrawn from a moW delivery station. 

means for assembling a pair of mold etements delivered to said mold delivery station in a gasket in a 
spaced apart relationship to enable the space between said mold gaskets to be filled with a liquid polymeric 
material that on curing hardens to form a tens. 

means for reading the marking on a mold element and providing an electronic control signal Identifying the 
so rrelividual mold container which holds said mold element and 

control means responsive to said control signal "for advancing said individual mold container to the mold 
delivery station. 

6. A apparatus for casting a finished spectacle tens having a specified ophthalmic prescription including 
means for storing a plurality of mold elements and advancing Individual mold elements to a mold delivery 
55 station, 

gasket storage means for holding a plurality of different size gaskets, each gasket bearing a machine 
readable marking thereon providing an identification symbol thereon, 

input means for Identifying a pair of mold elements and gasket of a selected size to fill said specified 
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ophthalmic prescription, said input moans including control means for advancing the identified pair of molds 
to the mold delivery station, 

means for assembling said identified pair of mold elements delivered to said mold delivery station and said 
identified gasket Into an assemblage with the mold elements oriented relative to each other and spaced 
apart to make a lens which fills said prescription, 

means tor filling the space between said mold elements with a liquid polymeric material that hardens on 
curing, and 

means for reading the marking on the gasket to confirm that the correct gasket has been selected. 

7. The apparatus of claim 6 including printout means that provide a tag to be placed on the lens made 
by said apparatus identifying said lens with the same marking as appears on the selected gasket or mold 
used to make said lens. 

a The apparatus of claim 6 where a tag having a machine readable marking Is placed on the finished 

lens for identification. . . 

9. An apparatus for casting a finished spectacle lens having a specified ophthalmic prescription, 

Including 

means for storing a plurality of mold elements and advancing individual mold elements to a mold delivery 
station, 

gasket storage means for holding a plurality of different size gaskets 

input means for Identifying a pair of mold elements and gasket of a selected size to fin said specified 
ophthalmic prescription, said Input means including control means for advancing the Identified pair of molds 
to the mold delivery station, 

means for assembling said Identified pair of mold elements delivered to said mold delivery station and sad 
Identified gasket In an assembly with the mold elements oriented relative to each other and spaced apart to 
make a tens which tills said prescription. 

means for storing In a relatively cool chamber a plurality of different types of polymeric materials used in 
casting lenses, and , , 

means for filling the space between said molds with a selcted one of said different types of polymeric 

materials. . 

1 0. In an apparatus for making spectacle lenses wherein resin Is introduced into a space between a pair 
of mold elements through a passageway in a gasket holding said elements In a spaced apart relationship. 

mearolor storing resin in a container, said container having an outlet through which resin will flow when 

pressure Is applied to said resin, . L 

a dispensing head Including a nozzle element adapted to fit into the passageway in the gasket, said nozzle 

element being in communication with the outlet In the container, and ^ 

means for inserting said nozzle into the passageway and applying pressure to the resin to force resin 
through the outlet and nozzle Into said space between said moid elements. 

1 1 . to an apparatus for making spectacle lenses wherein resin is introduced into a space between a par 
of mold elements heW in a spaced apart relationship in a gasket, said gasket having two separate ports 
each including a passageway leading to the space between saW moW elements. Including: 

means for storing the resin in a plurality of individual (*r*ainers. each container holding a different color of 
resin and container having an outlet through which the resin wifl flow when a pressure is appled to saW 

a°o^ens^g head toctucfing a plurality of nozzte elements, each nozzle element being adapted to fit into 
or*oftr»ffflportoandeac*nozzted 

means for Inserting one of the nozzle elements into one of the fill ports to correspond with the prescribed 
color of the lens being made. . , _ 

means for applying pressure to the selected resin to force this resin through the outlet of its container 
through the nozzle Inserted into the selected fill port and 

means for applying a vacuum to the other fill port so that gas in the space between the moid elements is 
removed from said space as resin flows into this space. 

12. The apparatus of claim 16 wherein the resin is maintained in storage means which are at a 
substantially lower temperature than ambient 

13. A cannister for holding a resin material used in apparatus for manufacturing spectacle lenses. 

; comprising: . . 

a tubular body member having a port adjacent one end of the body member and a plunger element 
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movable within the body member under applied pressure to push resin from the body member out said 
port, said plunger element carrying a member which activates a sensor near said end to indicate that the 
resin is essentially depleted. 

14. The cannister of claim 13 carrying tag means bearing a machine readable code which indicates that 
s the resin in the cannister is compatible with the apparatus for manufacturing spectacle lenses. 

15. A gasket suitable for receiving and retaining two molds to form a spectacle lens form, said gasket 
comprising a hollow resilient body having: 

a) opposed open ends; 

b) an inside surface extending between the open ends; 

w c) Two spaced apart slots extending about an inside surface thereof. 

d) a resin inlet conduit and an outlet conduit, which communicate between respective positions on 
the inside surface between the annular slots, and positions on the outside of said body. 

16. A gasket suitable for receiving and retaining two generally circular molds to form a spectacle lens 
is form, said gasket comprising a hollow resilient body having: 

a) opposed open ends; 

b) an inside surface extending between the open ends, of substantially circular radial cross-section 
throughout the axial length thereof; 

c) two spaced apart annular slots extending about the inside surface thereof; 

20 d) a resin inlet conduit and an outlet conduit, which communicate between respective positions on 

the inside surface between the annular slots, and positions on the outside of said body. 

17. A gasket as defined in claim 16, wherein said body has an annular Pp disposed between the slots, 
and which Bp extends inward beyond the inside surface. 

2s 18. A gasket as defined in claim 17, wherein the conduits communicate with respective opposed 
positions on the inside surface. 

19. A gasket suitable for receiving and retaining two molds to form a spectacle lens form, the gasket 
comprising a resilent hollow body having: 

a) opposed open ends; 

so b) an inside surface extending between the open ends, of substantially circular radial cross-section 

throughout the axial length thereof; 

c) two spaced apart annular slots on the inside surface thereof; 

d) an annular Bp disposed adjacent and between the slots and which extends Inward beyond the 
inside surface; 

36 e) a resin inlet and an outlet which communicate between respective opposed inside positions on the 

inside surface between the annular slots, and respective inlet and outlet ports spaced apart therefrom in an 
axial cfirection of sakj body and which face in the same axial direction. 

20. A gasket as defined in claim 19 wherein said body had two radially opposed and axiairy extending 
40 sfxxjkiers, and wherein the Net and outlet ports are disposed in respective axiairy facing ends of the 

shoulders. 

21. a gasket as defined in any of claims 16 to 20. wherein the body and slots are olmensioned such 
that said body w« tend to press molds with annular flanges rnatingty retained in respective annular slots, 
toward one another. 

46 22. A gasket ad defined in claim 20 wherein said body is normally outwardly bowed, and inwardly 
bowed when the mold annular flanges are matingly retained in respective annular slots, so as to urge the 
molds toward one another. 

23. A mold suitable for molding a surface of a spectacle lens, comprising: 

a) an annular flange having two diarrtetrically opposed notches therein; and 
50 b) a curved mokfing surface extending within said annular flange. 

24. Arnold suitable for molding a surface of a spectacle lens, comprising: 

a) an annular flange; 

b) a generally convex molding surface defined by combined spherical and cyfindrical elements such 
66 that two opposed first surface portions disposed about the axis of least curvature are coplaner with said 

flange, while two opposed second surface portions disposed about the axis of greatest curvature, extend 
past said annular flange; 
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c) wall segments extending between the second surface portions and said flange. 

25. A mold as defined in claim 24 wherein said wall segments extend perpendicularly to the plane on 
which said annular ring lies. 

5 26. A form assembly apparatus capable of assembling a spectacle lens form from two molds and a 
hollow gasket with opposed first and second ends, which gasket Is dimensioned to receive the molds 
therein In respective, spaced apart seated positions, the apparatus comprising: 

a) a first mold retainer and a gasket holder which can releasably retain a first moid and a gasket 
thereon, respectively; 

io b) a reciprocating drive connected to reciprocate one of said first mold retainers and gasket holder 

with respect to the other when the two are axially aligned, such that said first mold retainer can insert a first 
mold retained thereon through the first open end of the gasket and into Its seated position to produce a 
sub-assembly; 

c) a second mold retainer which can releasably retain a second mold thereon; 
75 d) a reciprocating drive connected to reciprocate one of said second retainer and the sub-assembly 

when axially aligned therewith, with respect to the other, such that said second mold retainer can insert a 
second mold retained thereon into Its corresponding seated position in the gasket of the sub-assembly to 
produce the assembled form; 

e) a carriage connected to align the first mold retainer with said gasket holder, and align the sub- 
20 assembly with said second mold retainer. 

27. A for assembly apparatus capable of assembling a spectacle tens form from two generally circular 
mows and a hollow gasket with a generally circular cross-section therethrough and opposed first and 
second ends, which gasket is dimensioned to receive the molds therein in respective, spaced apart, seated 
25 positions, the apparatus comprising: 

a) a first mold retainer and a gasket holder which can reteasabry retain a first mold and a gasket 
thereon, respectively: 

b) a reciprocating drive connected to reciprocate one of said first mold retainers and gasket holder 
with respect to the other when the two are axially aligned, such that said first mold retainer can insert a first 

ao mold retained thereon through the first open end of the gasket and into its seated position to produce a 
sub-assembly; 

c) a second mold retainer which can releasably retain a second mold thereon; 

d) a reciprocating drive connected to reciprocate one of said second retainer and the sub-assembly 
when axially aligned therewith, with respect to the other, such that said second mold retainer can insert a 

35 second mold retained thereon Into its corresponding seated position In the gasket of the sub-assembly to 
produce the assembled form; 

e) a carriage connected to aftgn the first mold retainer with said gasket holder, and align the sub- 
assembly with said second mold retainer. 

40 2a An apparatus as defined in dalm 27, additionally comprising an indexer which can establish the 
initial relative rotational angle of said molds prior to insertion of said second mold into the sub-assembly, 
aiKl rotate priewtm respect to the o 

29. An apparatus as defined in claim 28 wherein said indexer comprises: 

a) an Index indfcator on each of said mold retainers which can be afigned with a corresponding 
46 irxScator on ^ outer rjeriphery of a mold; 

b) motor means for rotating at least one of said mold retainers with respect to the other. 

30. An apparatus as defined in claim 29 wherein the index indicator on each mold retainer, is a plurality 
of tabs thereon which can project into mating receptacles on the outer periphery of a mold. 

60 31. An apparatus as defined in claim 30 wherein the index Indicator on each mold comprises two tables 

angularly spaced apart 180 degrees about the axis of the moid retainer, which can project into matching 

receptacles on the outer periphery of a mold. 

32. An apparatus capable of assembling a spectacle lens form from two generally circular molds and a 

hollow gasket with a substantially circular cross-section therethrough and with opposed first and second 
65 open ends, which gasket is dimensioned to receive the molds therein in respective, spaced apart seated 

positions, the apparatus comprising: 
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a) a first mold retainer and an oppositely facing gasket holder one of which Is reciprocally mounted 
with respect to the other such that when the two are axially aligned, said first mold retianer can insert a first 
mold retained thereon, through the first open end of the gasket and into Its seated position to produce a 
sub-assembly which can be retained on the first mold retainer; 
5 b) a second mold retainer facing in a direction opposite the first one of which is reciprocably 

mounted with respect to the other, such that when the two are axially aligned, said second mold retainer 
can insert - a second mold retained thereon into its seated position in the gasket of the sub-assembly 
retained on the aligned first mold retainer, to produce the assembled form; 

c) a carriage upon which said first mold retainer is disposed, which can carry said first mold retainer 
io between respective positions in which it is axially aligned with the gasket holder and said second mold 

retainer; 

d) at least one reciprocating drive connected to reciprocate one of the first mold retainer and gasket 
holder with respect to the other, and one of the first and second mold retainers with respect to the other. 

75 33. An apparatus as defined in claim 32 wherein said carriage Is sttdeably mounted on a guide, and 
wherein at least one reciprocating drive reciprocates said gasket holder and said second mold retainer with 
respect to said first mold holder. 

34. An apparatus as defined in claim 33, additionally comprising: 

a) a form fining station having: 

so (i) a table which can hold a form in position thereon, and a form filler with a resin injection nipple; 

Oi) a reciprocating drive connected to at least one of the table and the finer so as to reciprocate at least one 
with respect to the other; 

the table and form filler being disposed such that the resin injection nipple can mate with an injection port 
of a form disposed on the table when said reciprocating drive moves one of the table and filler toward the 
25 other 

d) a form carrier aDgnabJe with said second mold retainer and the table, so as to receive a form from 
a position aligned with said second mold retainer and hold it in alignment with the table. 

35. An apparatus as defined in claim 34, additionally comprising: 
30 a) a form filling station having: 

(i) a form table which can hold a form in position thereon, and a form filler with a resin injection nipple and a 
vacuum injection nipple; 

fii) a reciprocating drive connected to at least one of the table and the filler so as to reciprocate at least one 
with respect to the other; 

35 said table and form filler being disposed such that the resin vacuum injection nipples can mate with 
respective resin and vacuum injection ports of a form disposed on the table, when the reciprocating drive 
moves and one of the table and filler toward the other; 

d) a form earner afignaWe with said second mold retainer and the table, so as to receive a form from 
a position aligned with said second mold retainer and hold it in alignment wfth the table. 

40 

36. An apparatus capable of assembing a spectacle tens form from two generally circular molds and a 
hollow gasket with a substantially circular cross-section therethrough and with opposed first and second 
open ends, which gasket is dimensioned to receive the molds therein in respective, spaced apart seated 
positions, the apparatus comprising: 

46 a) an upwardly facing first moid retainer and a dowrrwardfy facing gasket holder one of .which is 

redprocaliy mounted wfth respect to the other such that when the two are axially aligned, said first mold 
retainer can insert a first mold retained thereon, through the first open end of the gasket and into its seated 
position to produce a sub-assembly which can be retained on. the first mold retainer, 

b) a downwardly facing second mold retainer disposed transversely from said first mold retainer in a 
so forward direction, one of which is reciprocably mounted with respect to the other such that when the two are 

axially aligned, said second mold retainer can insert a second mold retained thereon into its seated position 
in the gasket of the sub-assembly retained on the aligned first mold retainer, to produce the assembled 
form; 

c) at least one redprocating drive connected to can reciprocate the first mold retianer and gasket 
55 holder, and first and second mold retainers, with respect to one another. 

d) a form filling station spaced in the forward direction from said second mold retainer, said form 
filling station having: 

(i> an upwardly facing form table which can hold a form in position thereon, and a form filler with a 
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downwardly facing, resin injection nipple and a vacuum injection nipple; 

(ii) a reciprocating drive connected to the table so as to reciprocate the form table with respect to the form 

filter; ^ 
said table and form filler being disposed such that the resin and vaccum injection nipples can mate with 
respective injection and vacuum ports of a form disposed on the table, when the reciprocating drive moves 
the table and filler toward the form filler; . 

e) a form carrier alignable with said second mold retainer and the table, so as to receive a form from 
the former and hold it in alignment with the latter, 

f) a slideable carnage upon which said first moid retainer and said form carrier are disposed, said 
form carrier being spaced in the forward direction from said first mold retainer, such that said carriage can 
align said first mold retainer with each of said gasket holder and said second mold retainer, and can align 
said form carrier with said second mid retainer and the table. 

37. Apparatus as defined in the claim 38 wherein said form carrier comprises a rim which is open both 
from below and in a forward direction, and wherein the form table when in a retracted position, is disposed 
beneath the rim, and is dimensioned such that when the table and said form carrier are axJaity aligned, the 
table can be extended from the retracted position through said form carrier, to lift a form disposed thereon 
to a position in which the injection and vacuum ports mate with the resin and vacuum injection nippies, 
respectively. 

38. A method of preparing a spectacle lens using a tens form having resin and vacuum Injection ports 
and respective conduits communicating therefrom to substantially opposed outlet and inlet openings in the 
moid cavity, the method comprising injection resin into the resin injection port white applying a vacuum at 
the vacuum injection port 

39. A method as defiend In claim 38 additionally comprising tilting the mold prior to resin injection such 
that the mold cavity is disposed at an elevated angle to the horizontal, with the outlet opening being higher 
than the inlet opening, and maintaining such an elevated angle during rosin injection. 

40. A method as defiend hi claim 39 wherein the elevated angle Is between substantially 8 degrees to 
15 degrees. ^ 

41. A method of assembling a spectacle tens form from first and second molds having respective 
flanges extending thereabout and from a gasket comprising a hollow resilient body having: 

(i) opposed first and second open ends 

(H) first and second slots extending about an Inside surface of the body, which can snugly seat therein, the 
flanges of the first and second molds, respectively; 

(fii) a resin inlet conduit and an outlet conduit which communicate between respective positions on the 
Inside surface between the annular slots, and positions on the outside of said body; 
the method comprising pressing the first and second molds through at least one open end of the gasket 
until the flange of each is snugly seated in a corresponoTng slot 

42. A method of assembfing a spectacle tens form from first and second generally circular molds 
having respective annular flanges extending thereabout and from a gasket comprising a hollow resilient 
body having: 

(i) opposed first and second open ends 

(ii) an inside surface extendmg between the ends, with a substantially circular radial cross-sectoons 

throughout its length; k 

(iH) first and second armufar slots extending about the inside surface of the body, which can snugly seat 
therein the flanges of the first and second moUs, respectively; 

Ov) an annular tip cfisposd aolacent end between the state and which extends inward beyond the inside 
surface; 

(v) a resin inlet and an outlet which communicate between respective opposed inside positions on the 
inside surface between the annular slots, and respective Inlet and outlet ports spaced apart therefrom in an 
axial direction of said body and which face in the same axial direction; 

the method comprising pressing the first and second molds through at least one open end of the gasket 
until the flange of each is snugly seated in a corresponding slot 

43. A chuck suitable for spin coating a spectacle tens mold, the chuck comprising: 

a) a mold seat defined by a tedge, and an adjacent Hp, both extending about a seat axis; 

b) a lengthwise resilient vacuum conduit extending to an open first end thereof, said conduit being 
disposed such that when a vacuum is applied therethrough, the open first end can sealingly engage against 
the mold when seated in the mold seat to urge the mold against the tedge. 
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44. A chuck as defined in claim 43 wherein the lip projects from the ledge in a first axial direction of the 
mold seat axis, and the vacuum extends in the first axial direction toward the open end thereof. 

45. A chuck suitable for spin coating a spectacle lens mold, the chuck comprising a hollow body 
having: 

s a) an open first and an opposed second end; 

b) a wall extending between the ends; 

c) a mold seat defined by a ledge extending adjacent an inside surface of the wall, and an outwardly 
adjacent lip, both the ledge and Op extending about a seat axis, and the lip projecting in a first axial 
direction of the seat axis away from the second end; 

10 d) a lengthwise resilient vacuum conduit extending in the first axial direction to an open first end 

thereof, said conduit being disposed such that when a vacuum is appBed therethrough, the open first end 
can sealingty engage against the mold when seated in the mold seat, to urge the mold against the ledge. 

46. A chuck suitable for spin coating a spectacle lens mold, the chuck comprising: 

75 a) a hollow body having a generally circular open first end, an opposed second end, and a wall with a 

substantially cyGndtrical inside surface extending between the ends; 

b) a mold seat defined by a ledge extending adjacent the inside surface of the wall, and an outwardly 

adjacent Bp, both the tip ledge and lip extending about a seat axis with the lip projecting in a first axial 

direction of the seat axis away from the second end; 
20 c) a lengthwise restfient vacuum conduit extending In the first axial direction to an open first end 

thereof, said conduit being disposed such that when a vacuum is applied therethrough, the open first end 

can sea&ngly engage against the mold when seated in the mold seat to urge the mold against the ledge. 

47. A chuck as defined in claim 46 wherein the second end of said body has a lower vacuum opening 
26 aligned with the^ axis of the substantially rCytindrfcal wall, and a second end of said vacuum conduit 

communicates therewith. 

48. A chuck as defined in claim 46 wherein the seat axis is aligned with the axis of the substantially 
cylindrical wall 

49. A chuck as defined In any of claims 43 to 48 wherein said vacuum conduit comprises a bellows, 
so 50. A chuck as defined in claim 46 wherein said body is substantially cyfindrical. 

51. A spin coater element suitable for spin coating a spectacle lens mold which has a flange extending 
around the outer periphery thereof, the spin coater comprising: 

a) a frame; 

b) a chuck rotatabry mounted on said frame, said chuck comprising: 

35 f) a mold seat defined by a ledge, and an adjacent tip, both extenolng about a seat axis; 

ID a tenthwtse resffient vacuum conduit extending to an open first end thereof, said conduit being 
disposed such that when a vacuum is applied therethrough, the open first end can seafingry engage against 
the mold when seated in the mold seat to urge the mold against the ledge. 

40 52. A spin coater element suitable for spin coating a spectacle lens mold which has an annular outer 
flange, the spin coater comprising: 

a) a frame: 

b) a chuck rotatabfy mounted on said frame, said chuck comprising: 

i) a hollow body having a generally circular open first end, an opposed second end, and a wall with a 
46 substantially cyfinoMcaJ inside surface extending between the ends; 

(u) a mold seat defined by a ledge extenolng adjacent the inside surface of the wall, and an 
outwardly adjacent Bp, both the ledge and lip extending about a seat axis with the Dp projecting in a first 
axial direction of the seat axis away from the second end; 

Hi) a lenthwise resiSent vacuum conduit extending in the first axial direction to an open first end 
so thereof, said conduit being disposed such that when a vacuum is applied therethrough, the open first end 
can sealingty engage against the moid when seated in the mold seat to urge the moid against the ledge. 

53. A chuck as defined in claim 52 wherein the second end of said body has a lower vacuum opening 
aligned with the axis of the substantially cylindrical wall, and a second end of said vacuum conduit 

55 communicates therewith. 

54. A chuck as defined in any of claims 51 to 53 wherein the vacuum conduit comprises a bellows. 

55. A spin coater comprising: 
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a) a housing having separate front and rear chambers separated such that light in the rear chamber is 
substantially blocked from the front chamber. 

b) a drawer carrying at least one spin coaler element each of which is suitable for spin coating a 
spectacle tens mold, said drawer being slideabiy mounted within said housing to move between front and 

5 rear positions in which the spin coater is disposed in the front and rear chambers, respectively. 

56. A spin coater as defined in claim 55, additionally comprising an actinic light fixture disposed in the 
rear chamber, so that an actinic light disposed therein can illuminate each spin coater element when said 
drawer is in the rear position. 
w 57. A spin coater as defined in claim 56 additionally comprising: 

a) a shutter disposed in the rear housing between said light fixture and the rear position of said 
drawer, said shutter being moveable between a closed position in which the rear position of the drawer is 
shielded from the light fixture, and an open position; 

b) a shutter trigger connected between said shutter and said drawer, so as to open and close said 
?s shutter, in response to said drawer moving rearwardly into, and forwardly out of . the rear position. 

respectively. 

5& A spin coater as defined in claim 55, additionally comprising an actinic fight fixture disposed in the 
rear chamber, so that an actinic light mounted in said fixture can illuminate each spin coater element when 
20 said drawer is in the rear position. 

59. A spin coater as defined in claim 57 wherein said shutter comprises two sheets hinged together in a 
sideways direction of said housing and mounted to be forwardry and rearwardly prvotable about the hinge, 
between open and closed positions, corresponding to open and closed positions of the shutter, respectively, 
in which open position the sheets are spaced apart at an interior angle greater than when in their closed 

25 position. 

60. A spin coater as defined in claim 58 wherein said shutter trigger comprises a resilient member 
connected between said drawer and said shutter, so as to open and close said shutter when said drawer 
moves rearwardly and forwardly. respectively, of a position adjacent the rear position. 

61. A spin coater as defined in claim 60 additionally comprising a reflector disposed in the rear 
so chamber, and within which reflector said actinic tight fixture Is Disposed such that said reflector directs fight 

from said fixture to the spin coater elements when said drawer is in the rear position. 

62. A spin coater as defined In claim 60 wherein said shutter is mounted in said reflector by means of 
guides on the sheets which ride in corresponding slots in the reflector. 

63. A method of producing a spectacle lens with abrasion resistant front and back coated surfaces, the 
36 method comprising: 

a) providing a partially polymerized coating composition on front and back surfaces of a spectacle 
tens form, the composition on one of the surfaces having lower solids content than the composition on the 
other; 

b) filling the form with a lens resin, and curing the tens resin. 

40 

64. A method as defined in claim 63 wherein the composition on the back surface of the method has a 
lower soOds content that fre composition on the front surface. 

65. A method as defined in claim 63 or 64 compnsong further polymerizing the front and back surface 
coatings, foNowing curing of the resin* 

« 66. A method of producing a spectacle lens with abrasion resistant front and back coated surfaces* one 

of which is tintabte white the other is not, the method comprising: 

a) coating front and back surface molds with a porymerizable coating composition, the composition 

on the mold corresponding to the tmtable one of the tens surfaces having a lower solids content than the 

composition on the other one of the molds; 
so b) partially polymerizing the coating composition; 

c) assembling the molds within a gasket to produce a spectacle tens form; 

d) filling the form with a tens resin, and curing the resin such that the partially polymerized coatings 
will become only partially absorbed in the cured tens resin; 

e) separating the coated tens from the form. 

55 

67. A method as defined in claim 66 wherein the composition on the back has a lower solids content 
than the composition on the front mold. 
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68. A method as defined in claim 66 or 67 additionally comprising further polymerizing the front and 
back surface coatings, following curing of the resin. 

69. A spectacle lens with abrasion resistant front and back coated surfaces, produced by the method 
comprising: 

5 a) providing a partially polymerised coating composition on front and back surfaces of a spectacle 

lens form, the composition on one of the surfaces having lower solids content than the composition on the 
other, 

b) filling the form with a tens resin, and curing the resin. 

to 70. A method of producing a spectacle lens with abrasion resistant front and back coated surfaces, the 
method comprising: 

a) coating front and back surface molds with a polymerizable coating composition, the composition 
on the mold corresponding to the tintabte one of the lens surface having a lower solids content than the 
composition on the other one of the molds; 
75 b) partially polymerizing the coating composition; 

c) assembling the molds within a gasket to produce a spectacle lens form; 

d) fining the form with a tens resin, and curing the resin such that the partially polymerized coatings 
will become only partially absorbed in the cured tens resin; 

e) separating the coated lens from -the form. 

so 

71 . A spectacle lens having abrasion resistant front and back coatings, one of which Is tintabte while the 
other is not, the tintabte surface coating being less abrasion resistant than the other surface coating and 
being partially absorbed on the back surface of the lens. 

72, A spectacle tens as defined in claim 71 wherein the tintabte coating is on the back surface of the 
25 tens. 
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